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Introduction 


The  U.S.  Army  maintains  the  mission  of  providing  quality  fuel  to  U.S.  and  Allied  troops  in 
tactical  environments.  Presently,  requirements  as  outlined  require  a  dedicated  group  of 
specifically  trained  fuels  personnel  to  perform  several  tests  per  day  per  installation  looking  for 
traces  of  sediment  and  water  in  the  fuel  (1)  (2). 

The  Army  utilizes  several  techniques  to  ensure  that  aviation  fuels  are  clean  and  dry.  Despite  the 
best  of  intentions  the  current  test  methods  utilized  by  the  Army  have  several  drawbacks 
including:  timeliness  of  data  due  to  the  turn-around  time  needed  to  get  the  test  results,  operator 
subjectivity,  lack  of  detailed  analysis,  and  limitations  in  providing  reliable  data.  For  these 
reasons  the  Army  has  been  actively  working  to  develop  new  methods  for  monitoring  fuel 
contamination  (3)  (4). 

The  Army  utilizes  ASTM  D4176  -  Standard  Test  Method  for  Free  Water  and  Particulate 
Contamination  in  Distillate  Fuels  (Visual  Inspection  Procedures),  as  a  final  check  of  fuel  to 
ensure  aviation  fuel  is  clear  and  bright  before  flight  operations. 

Fuel  filter  effectiveness  is  evaluated  by  quality  assurance  testing  though  conducting  periodic  fuel 
sampling  for  gravimetric  analysis.  The  Anny  currently  utilizes  two  methods  for  measuring 
particulate  contamination  by  gravimetric  analysis:  ASTM  D2276  -  Standard  Test  Method  for 
Particulate  Contaminant  in  Aviation  Fuel  by  Line  Sampling,  and  ASTM  D5452  -  Standard  Test 
Method  for  Particulate  Contamination  in  Aviation  Fuels  by  Laboratory  Filtration.  Additionally 
free  water  content  is  determined  by  perfonning  ASTM  D3240  -  Standard  Test  Method  for 
Undissolved  Water  in  Aviation  Turbine  Fuels,  commonly  tenned  AquaGlo  testing. 

Current  standards  specify  limits  for  free  water  and  particulate  matter  in  aviation  fuels. 
Specifically,  free  water  contamination  in  jet  fuel  cannot  exceed  10  parts  per  million  (PPM)  (1) 
and  particulate  matter  contamination  cannot  exceed  2.0  mg/L  for  Intra-Governmental  transfer 
receipts  and  1.0  mg/L  on  issue  to  aircraft,  or  up  to  10  mg/L  for  product  used  as  a  diesel  product 
for  ground  use  (1)  (2)  (5).  At  a  minimum  free  water  and  particulate  by  color  (as  specified  in  the 
appendix  of  ASTM  D2276)  are  checked  daily,  while  filter  effectiveness  is  checked  every  30  days 
by  gravimetric  analysis  (ASTM  D2276). 

One  of  the  problems  with  the  gravimetric  methods  is  the  poor  repeatability  and  reproducibility  of 
the  methods,  ASTM  D2276  has  a  repeatability  of  0.25  mg/L  and  reproducibility  of  0.62  mg/L  at 
the  1 .0  mg/L  contaminate  level  based  on  a  5  liter  sample,  whereas  the  Anny  utilizes  1  liter 
samples  increasing  the  associated  error.  While  the  published  repeatability  and  reproducibility  of 
ASTM  D5452  only  spans  from  0  to  0.6  mg/L,  applying  the  provided  formulas  to  the  1.0  mg/L 
contaminate  level  provides  a  repeatability  of  0.42  mg/L  and  reproducibility  of  0.73  mg/L. 

Sample  volume  used  to  calculate  these  values  in  not  provided  in  ASTM  D5452,  but  again  5  liter 
samples  were  used  to  develop  these  fonnulas  used  for  these  calculations. 

The  Energy  Institute  (El)  has  published  guidance  documents  and  test  methods  relating  to  fuel 
quality  measurement  using  electronic  sensors.  In  February  2012  the  second  edition  of  El  1598 
Design,  functional  requirements  and  laboratory  testing  protocols  for  electronic  sensors  to 
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monitor  free  water  and/or  particulate  matter  in  aviation  fuel  (6)  was  published.  In  August  2012 
El  published  the  first  edition  of  El  1570  Handbook  on  electronic  sensors  for  the  detection  of 
particulate  and/or  free  water  during  aircraft  refueling  (7). 

The  U.S.  Anny  Tank  Automotive  Research  Development  and  Engineering  Center  (TARDEC) 
has  been  actively  perusing  advanced  technologies  to  monitor  aviation  fuel  for  particulate  and 
water  contamination.  The  application  of  light  obscuration  particle  counters  for  this  purpose  has 
risen  to  the  top  of  available  technologies  in  terms  of  performance  and  availability.  The  use  of 
particle  counting  and  automatic  particle  counters  for  monitoring  contamination  is  frequently  used 
in  the  hydraulics/hydraulic  fluid  industry.  In  1999  ISO  adopted  ISO  11171  Hydraulic  fluid  power 
—  Calibration  of  automatic  particle  counters  for  liquids  (8),  replacing  ISO  4402,  as  an 
international  standard  for  the  calibration  of  liquid  particle  counters  giving  NIST  traceability  to 
particle  size  measurement,  and  providing  an  area  equivalent  diameter  of  particles  measured.  To 
simplify  the  reporting  of  particle  counter  data  international  standard  ISO  4406: 1999  Hydraulic 
fluid  power  —  Fluids  —  Method  for  coding  the  level  of  contamination  by  solid  particles  (9)  by 
grouping  the  numbers  of  particles  into  broad  classes  or  codes.  Generally  an  increase  in  one  ISO 
code  number  is  caused  by  a  doubling  of  the  contamination  level.  El  has  also  published  three 
standard  test  methods  for  evaluating  the  particulate  matter  of  fuels  using  light  obscuration 
particle  counters;  IP  564  -  Determination  of  the  level  of  cleanliness  of  aviation  turbine  fuel  - 
Laboratory  automatic  particle  counter  method  (10);  IP  565  -  Determination  of  the  level  of 
cleanliness  of  aviation  turbine  fuel  -  Portable  automatic  particle  counter  method  (11);  IP  577  - 
Determination  of  the  level  of  cleanliness  of  aviation  turbine  fuel  -  Automatic  particle  counter 
method  using  light  extinction  (12).  ASTM  International  adopted  ASTM  D7619  Standard  Test 
Method  for  Sizing  and  Counting  Particles  in  Light  and  Middle  Distillate  Fuels,  by  Automatic 
Particle  Counter  (13),  which  utilizes  the  same  instrumentation  as  IP  565. 

As  a  result  of  laboratory  testing,  the  U.S.  Army  proposed  a  working  cleanliness  limit  (modified 
from  ISO  4406)  of  19/17/14/13  utilizing  the  4pm  (c)/  6pm  (c)/  14pm  (c)/  30pm  (c)  size  channels 
(4).  The  30pm  (c)  size  is  included  for  the  detection  of  free  water  in  the  fuel.  The  proposed  ISO 
code  limits  of  19/17/14/13  are  based  on  the  1.0  mg/L  concentration  levels  for  the  A1  and  A2  test 
dusts,  and  down  to  a  5  ppm  free  water  presence. 


Approach 


The  test  consisted  of  the  manufacture  and  testing  of  contaminated  fuels  for  both  online  and  bottle 
samples.  The  online  testing  what  conducted  three  separate  times  by  The  US  Anny  TARDEC 
Fuels  and  Lubricants  Research  Facility  at  the  El  1581  test  facility  at  Southwest  Research 
Institute.  Bottle  samples  were  prepared  and  analyzed  in  TARDEC’s  Fuels  and  Petroleum,  Oil  & 
Lubricants  (POL)  Laboratories  at  the  Detroit  Arsenal. 

The  online  procedure  for  evaluating  the  light  obscuration  particle  counters  was  modified  from 
the  concepts  found  in  Energy  Institute  (El)  1598  -  Design,  functional  requirements  and 
laboratory  testing  protocols  for  electronic  sensors  to  monitor  free  water  and/or  particulate  matter 
in  aviation  fuel  (6).  The  test  plan  looked  to  detennine  if  the  light  obscuration  particle  counters 
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could  differentiate  between  the  various  types  and  quantities  of  standard  test  dusts  and  free  water 
and  the  combination  of  free  water  and  test  dust.  Test  dust  selection  was  derived  from  El  1598, 

El  1581,  and  MIL-E-5007  (14).  The  water  distribution  was  generated  using  the  centrifugal  pump 
specified  in  El  1581,  Specification  and  qualification  procedures  for  aviation  jet  fuel 
filter/separators.  The  testing  was  performed  with  no  filtration  devices  placed  between  the 
contaminant  injection  and  the  detection  system.  The  test  protocol  is  provided  below: 

1.  Operate  the  system  at  approximately  105.7  gpm  (400  1pm)  in  a  single  pass  flow  loop  as 
specified  in  El  1958.  (contaminant  is  removed  after  electronic  sensors) 

2.  Using  clean,  dry,  Jet  A,  obtain  baseline  data  for  30  minutes 

3.  Upon  completion  of  baseline,  obtain  data  when  injecting  ISO  12103-1  A1  ultrafine  test  dust  at 
approximately  0.25  mg/L,  0.5  mg/L,  1.0  mg/L,  2.0  mg/L,  and  2.5  mg/L.  Verify  particulate 
contamination  levels  via  ASTM  D2276. 

4.  Upon  completion  of  ISO  12103-1  A1  ultrafine  test  dust  evaluation,  perfonn  analysis  using 
ISO  12103-1  A2  fine  test  dust  at  approximately  0.25  mg/L,  0.5  mg/L,  1.0  mg/L,  2.0  mg/L,  and 
2.5  mg/L  Verify  particulate  contamination  levels  via  ASTM  D2276. 

5.  Upon  completion  of  the  ISO  12103-1  A2  fine  test  dust  evaluation,  perform  analysis  using  ISO 
12103-1  A3  medium  test  dust  at  approximately  0.25  mg/L,  0.5  mg/L,  1.0  mg/L,  2.0  mg/L,  and 
2.5  mg/L.  Verify  particulate  contamination  levels  via  ASTM  D2276. 

6.  Upon  completion  of  ISO  12103-1  A3  medium  test  dust  evaluation,  perform  same  analysis 
using  Red  Iron  Oxide  R-9998  (RIO)  at  approximately  0.25  mg/L,  0.5  mg/L,  1.0  mg/L,  2.0  mg/L, 
and  2.5  mg/L.  Verify  particulate  contamination  levels  via  ASTM  D2276. 

7.  Upon  completion  of  dirt  tests,  verify  fuel  is  dry  (ASTM  D3240) 

8.  Obtain  electronic  sensor  data  using  water  contamination  at  approximately  5,10,  20,  and  40 
ppm.  Verify  water  contamination  levels  via  ASTM  D3240. 

9.  Upon  completion  of  water  tests,  test  ISO  12103-1  A1  ultrafine  test  dust  and  free  water  at 
5ppm.  Verify  contamination  levels  via  ASTM  D2276  and  ASTM  D3240. 

The  particle  size  distribution  for  evaluated  test  dusts  is  provided  in  Table  1. 
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A3  Medium  Test 

Dust 

A2  Fine  Test  Dust 

A1  Ultrafine  Test 

Dust 

Red  Iron  Oxide 

R-9998 

micron 

%  Less  Than 

%  Less  Than 

%  Less  Than 

1 

1.0  -  3.0 

2.5 -3.5 

1.0 -3.0 

2 

4.0 -5.5 

10.5-  12.5 

9.0-13.0 

3 

7.5 -9.5 

18.5-22.0 

21.0-27.0 

4 

10.5-13.0 

25.5  -29.5 

36.0-44.0 

96.0 

5 

15.0-19.0 

31.0-36.0 

56.0-64.0 

7 

28.0-33.0 

41.0-46.0 

83.0-  88.0 

10 

40.0-45.0 

50.0-  54.0 

97.0-100 

20 

65.0-69.0 

70.0-74.0 

100 

40 

84.0-88.0 

88.0-91.0 

80 

99.0-100 

99.5  -  100 

120 

too 

100 

Table  1.  Test  dust  particle  size  distribution  as  determined  by  sieving 

Bottle  samples  were  manufactured  for  verification  purposes.  Two  liters  of  JP-8  fuel  were 
cleaned  by  repeatedly  filtering  it  through  a  0.45pm  filter  until  there  were  less  than  50  particles 
per  mL  in  the  fuel.  The  fuel  was  then  doped  with  a  known  amount  of  standard  test  dust,  particle 
counted  via  IP  564,  and  1  liter  tested  per  ASTM  D5452  to  verify  contaminate  loading. 


Analysis 


ISO  12103-1  A3  medium  test  dust  evaluation 

ISO  12103-1  A3  medium  test  dust,  having  a  particle  size  distribution  found  in  Table  1,  with  55% 
of  its  particulate  content  being  larger  than  10  pm  provides  a  good  representation  of  what  would 
be  clear  evidence  of  a  failed  filter  separator  if  particles  of  this  size  were  found  downstream  of  a 
filter  separator.  El  1581  filters,  with  an  approximate  nominal  micron  rating  of  0.4-1. 0pm,  are 
qualified  with  a  90%  A1  ultrafine  test  dust  -  10%  red  iron  oxide  mixture. 

The  three  online  evaluations  of  ISO  12103-1  A3  medium  test  dust  at  1.0  mg/L  saw  an  average  of 
1984,  2205,  and  1635  particles  >  4  pm  per  milliliter  measured  via  IP  564.  The  online  evaluation 
for  ASTM  D7619  averaged  2607  particles  >  4  pm  per  milliliter  for  evaluation  B.  While  the 
ASTM  D2276  gravimetric  measurements  were  recorded  to  be  0.25  mg/L  and  0.27  mg/L  for 
evaluation  A,  0.16  mg/L  and  0.33  mg/L  for  evaluation  B,  and  0.20  mg/L  and  0.50  mg/L  for 
evaluation  C. 

To  determine  the  source  of  the  error  between  the  particle  counter  measurements  and  the 
gravimetric  measurements,  10  bottle  samples  were  prepared  at  TARDEC’s  Fuels  and  Petroleum, 
Oil  &  Lubricants  (POL)  Laboratories  averaging  1 800  particles  >  4  pm  per  milliliter  when 
measured  via  IP  564.  There  was  still  a  variation  seen  in  the  gravimetric  measurements  recorded 
by  ASTM  D5452,  but  not  as  large  as  seen  when  performing  ASTM  D2276  on  the  El  1581  test 
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rig.  The  particle  counting  data  of  the  bottle  samples  was  found  to  be  comparable  to  that  seen  in 
online  evaluations  leading  to  the  conclusion  that  the  El  1581  injection  levels  are  correct  and  that 
the  low  results  from  the  ASTM  D2276  testing  is  an  artifact  of  that  method.  The  correlation  of 
particle  counter  data  to  the  theoretical  gravimetric  concentration,  and  cross  referenced  to  the 
bottle  sample  data,  indicates  that  the  collected  data  is  valid  Figure  1. 
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Figure  1.  Correlation  of  total  particles  >4pm  to  theoretical  concentration  (mg/L)  of  ISO  12103-1  A3 
medium  test  dust. 


ISO  12103-1  A2  fine  test  dust  evaluation 

ISO  12103-1  A2  fine  test  dust,  having  the  particle  size  distribution  found  in  Table  1,  has  a  slight 
shift  from  the  A3  distribution  toward  a  higher  concentration  of  particles  smaller  than  10  pm. 

The  three  online  evaluations  of  ISO  12103-1  A2  fine  test  dust  at  1.0  mg/L  saw  an  average  of 
3355,  3046,  and  3059  particles  >  4  pm  per  milliliter  measured  via  IP  564.  The  online  evaluation 
for  ASTM  D7619  averaged  4317  particles  >  4  pm  per  milliliter  for  evaluation  B.  While  the 
ASTM  D2276  gravimetric  measurements  were  recorded  to  be  0.28  mg/L  and  0.23  mg/L  for 
evaluation  A,  0.47  mg/L  and  0.30  mg/L  for  evaluation  B,  and  0.68,  0.20,  0.08,  0.65,  0.63  and 
0.68  mg/L  for  evaluation  C. 

To  detennine  the  source  of  the  error  between  the  particle  counter  measurements  and  the 
gravimetric  measurements,  1 1  bottle  samples  were  prepared  at  TARDEC’s  Fuels  and  Petroleum, 
Oil  &  Lubricants  (POL)  Laboratories  averaging  2975  particles  >  4  pm  per  milliliter  when 
measured  via  IP  564.  There  was  still  a  variation  seen  in  the  gravimetric  measurements  recorded 
by  ASTM  D5452,  as  was  documented  in  the  A3  bottle  testing.  The  particle  counting  data  of  the 
bottle  samples  was  found  to  be  comparable  to  that  seen  in  online  evaluations  leading  to  the 
conclusion  that  the  El  1581  injection  levels  are  correct  and  that  the  low  results  from  the  ASTM 
D2276  testing  is  an  artifact  of  that  method.  The  correlation  of  particle  counter  data  to  the 
theoretical  gravimetric  concentration,  and  cross  referenced  to  the  bottle  sample  data,  indicates 
that  the  collected  data  is  valid  Figure  2. 
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Figure  2.  Correlation  of  total  particles  >4pm  to  theoretical  concentration  (mg/L)  of  ISO  12103-1  A2 
fine  test  dust. 


ISO  12103-1  A1  ultrafine  test  dust  evaluation 

ISO  12103-1  A1  ultrafine  test  dust,  having  a  particle  size  distribution  found  in  Table  1,  is  the  test 
dust  used  in  a  90/10  mixture  with  red  iron  oxide  in  the  qualification  of  El  1581  filters  and  is 
composed  of  97-100%  sub  10  pm  particles. 

The  three  online  evaluations  of  ISO  12103-1  A1  ultrafine  test  dust  at  1.0  mg/L  saw  an  average  of 
6423,  4882,  and  6540  particles  >  4  pm  per  milliliter  measured  via  IP  564.  The  online  evaluation 
for  ASTM  D7619  averaged  5828  particles  >  4  pm  per  milliliter  for  evaluation  B.  While  the 
ASTM  D2276  gravimetric  measurements  were  recorded  to  be  0.28  mg/L  and  0.23  mg/L  for 
evaluation  A,  and  0.35  mg/L  and  0.35  mg/L  for  evaluation  B,  and  0.05,  and  0.80  mg/L  for 
evaluation  C. 

To  determine  the  source  of  the  error  between  the  particle  counter  measurements  and  the 
gravimetric  measurements,  10  bottle  samples  were  prepared  at  TARDEC’s  Luels  and  Petroleum, 
Oil  &  Lubricants  (POL)  Laboratories  averaging  6135  particles  >  4  pm  per  milliliter  when 
measured  via  IP  564.  Variation  was  seen  in  the  gravimetric  measurements  recorded  by  ASTM 
D5452,  as  was  documented  in  the  previous  bottle  testing.  The  particle  counting  data  of  the  bottle 
samples  was  found  to  be  comparable  to  that  seen  in  online  evaluations  leading  to  the  conclusion 
that  the  El  1581  injection  levels  are  correct  and  that  the  low  results  from  the  ASTM  D2276 
testing  is  an  artifact  of  that  method.  The  correlation  of  particle  counter  data  to  the  theoretical 
gravimetric  concentration,  and  cross  referenced  to  the  bottle  sample  data,  indicates  that  the 
collected  data  is  valid  Figure  3. 
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Figure  3.  Correlation  of  total  particles  >4pm  to  theoretical  concentration  (mg/L)  of  ISO  12103-1  A2 
fine  test  dust. 


Red  Iron  Oxide  test  dust  evaluation 

Red  Iron  Oxide  test  dust,  having  a  particle  size  distribution  composed  of  sub  10  pm  particles 
similar  to  that  of  ISO  12103-1  A1  ultrafine  test  dust  is  detailed  in  Table  1. 

The  three  online  evaluations  of  red  iron  oxide  test  dust  at  1.0  mg/L  saw  an  average  of  18925,  and 
21173,  particles  >  4  pm  per  milliliter  measured  via  IP  564  for  evaluation  a  and  b  respectively, 
while  evaluation  c  saw  6741  particles  >  4  pm  per  milliliter  measured  via  IP  564.  The  variation 
seen  in  evaluation  c  from  what  was  seen  in  evaluations  a  and  b  is  unknown.  The  online 
evaluation  for  ASTM  D7619  averaged  35430  particles  >  4  pm  per  milliliter  for  evaluation  B. 

The  gravimetric  measurements  per  ASTM  D2276  were  recorded  to  be  0.27  mg/L  and  0.20  mg/L 
for  evaluation  a,  and  0.92  mg/L  and  0.74  mg/L  for  evaluation  b,  and  0.30,  and  0.43  mg/L  for 
evaluation  c,  a  variation  that  does  not  lineup  with  the  variation  seen  in  the  particle  counts. 

Free  water  evaluation 

The  three  free  water  evaluations  provided  similar  to  what  was  seen  with  the  red  iron  oxide  results 
with  evaluation  c  providing  results  lower  than  were  seen  for  evaluations  a  and  b.  Free  water  in 
excess  of  5  ppm  contains  water  droplets,  >  4pm,  and  exceeding  4000  in  counts  per  milliliter. 

The  distribution  of  the  free  water  across  the  droplet  size  measurements  of  the  light  obscuration 
particle  counts  showed  that  35%  of  the  water  droplets  were  between  4-6pm,  55%  between  6- 
14pm,  9.5%  between  14-30pm,  and  0.5%  greater  than  30pm  in  size  .  This  allows  an  operator  to 
determine  the  possibility  of  water  contamination  by  looking  at  the  distribution  of 
particles/droplets  identified  by  the  particle  counter.  If  water  contamination  is  suspected,  particle 
counts  should  be  rerun  with  co-solvent  (Resolver®  or  isopropyl  alcohol)  to  remove  the  effect  of 
water  on  particle  counts  and  ASTM  D3240  run  to  determine  the  level  of  water  contamination. 
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Figure  4.  Water  Droplet  Distribution. 


Test  dust  and  free  water  test  dust  evaluation 

The  major  drawback  to  light  obscuration  particle  counting  is  that  the  technology  is  unable  to 
differentiate  between  solid  particulate  contamination  and  free  water  droplets.  During  the  course 
of  the  three  online  evaluations  free  water  was  injected  in  the  presence  of  A1  test  dust,  A2  test 
dust,  A3  test  dust,  and  Red  Iron  Oxide.  These  evaluations  were  performed  by  injecting  water 
into  the  fuel  immediately  following  the  standard  test  dust  evaluations,  the  particle  counts  of  the 
water  droplets  are  additive  to  the  particulate  particle  counts,  as  shown  in  Appendix  E. 


Conclusions 


The  laboratory  data  contained  in  this  report  was  used  to  ISO  code  limits  of  19/17/14/13,  based  on 
the  1.0  mg/L  concentration  levels  for  the  A2  test  dust,  and  down  to  a  5  ppm  free  water  presence. 
Although  a  direct  correlation  between  the  light  obscuration  particle  counters  and  gravimetric 
method  cannot  be  established  across  all  test  dusts  tested,  the  limits  based  around  A2  test  dust 
reduces  the  amount  smaller  contaminates,  A1  and  RIO  test  dust.  The  utilization  of  ISO  code 
groupings  does  reduce  the  depth  of  information  available  from  the  particle  count  measurements, 
but  does  provide  a  sound  basis  for  comparison  multiple  particle  counters,  and  the  calibration 
variation  allowed  within  ISO-1 1171,  back  to  gravimetric  measurements.  Both  light  obscuration 
particle  counter  technologies  evaluated  were  able  to  properly  measure  solid  particulate 
contamination  and  provide  an  indication  of  the  presence  of  free  water  down  to  the  5  ppm  level. 
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Appendix  A  Online  Evaluation  1 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  1.0  mg/L 

0 

0.4 

2094.3 

736.6 

28.2 

6.3 

2.4 

0.7 

18 

17 

12 

7 

3 

2034.5 

707.8 

27.1 

5.6 

2.9 

0.7 

18 

17 

12 

7 

5 

0.25 

1984.3 

709.1 

24.1 

5.1 

2.1 

0.6 

18 

17 

12 

6 

7 

1982.7 

700.4 

25.6 

6.4 

2.4 

0.9 

18 

17 

12 

7 

11 

1954.4 

682.6 

25.9 

6.7 

3.3 

1.2 

18 

17 

12 

7 

13 

1936.2 

690.1 

26.9 

7.0 

3.2 

0.9 

18 

17 

12 

7 

15 

0.27 

1934.8 

676.3 

25.9 

6.4 

3.1 

1.0 

18 

17 

12 

7 

23 

1952.1 

692.3 

23.9 

5.2 

2.1 

0.5 

18 

17 

12 

6 

Table  A  1  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  0.5  mg/L 

0 

0.4 

971.1 

334.9 

11.6 

3.1 

1.5 

0.3 

17 

16 

11 

5 

5 

0.80 

974.8 

326.4 

10.6 

2.6 

1.3 

0.4 

17 

16 

11 

6 

7 

955.5 

320.4 

10.1 

2.0 

0.9 

0.4 

17 

16 

11 

6 

9 

974.9 

330.6 

11.4 

2.4 

1.5 

0.2 

17 

16 

11 

5 

13 

984.1 

335.9 

11.1 

2.1 

0.8 

0.1 

17 

16 

11 

4 

15 

945.1 

315.6 

11.1 

1.9 

0.6 

0.3 

17 

15 

11 

5 

16 

0.10 

965.9 

324.0 

11.8 

2.0 

1.4 

0.3 

17 

16 

11 

5 

Table  A  2  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.5  mg/L  concentration. 


A-l 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  0.25  mg/L 

0 

0.4 

710.0 

228.5 

7.6 

1.4 

0.6 

0.3 

17 

15 

10 

5 

2 

672.5 

223.1 

7.2 

1.6 

1.1 

0.1 

17 

15 

10 

4 

3 

653.7 

212.3 

6.8 

1.1 

0.3 

0.1 

17 

15 

10 

4 

7 

0.08 

702.4 

225.5 

7.6 

1.4 

0.9 

0.4 

17 

15 

10 

6 

9 

710.1 

232.6 

7.3 

1.3 

0.9 

0.3 

17 

15 

10 

5 

11 

686.9 

219.6 

7.1 

1.3 

0.4 

0.1 

17 

15 

10 

4 

16 

716.6 

232.1 

6.9 

1.4 

0.6 

0.4 

17 

15 

10 

6 

20 

0.10 

671.9 

210.9 

5.7 

1.1 

0.6 

0.2 

17 

15 

10 

5 

22 

676.1 

213.4 

5.9 

1.1 

0.3 

0.0 

17 

15 

10 

0 

26 

731.6 

232.3 

6.1 

1.2 

0.3 

0.0 

17 

15 

10 

0 

27 

737.0 

244.7 

7.8 

1.6 

0.6 

0.3 

17 

15 

10 

5 

Table  A  3  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.25  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  1.0  mg/L 

0 

0.6 

3480.0 

855.8 

20.0 

5.4 

2.8 

0.7 

19 

17 

11 

7 

1 

3393.1 

844.1 

22.6 

6.7 

3.5 

0.6 

19 

17 

12 

6 

3 

0.28 

3374.9 

820.3 

20.9 

5.7 

2.5 

0.9 

19 

17 

12 

7 

7 

3293.4 

814.5 

21.6 

5.1 

2.3 

0.9 

19 

17 

12 

7 

9 

3330.2 

820.4 

22.6 

5.8 

2.6 

0.4 

19 

17 

12 

6 

12 

3325.2 

822.6 

20.0 

5.6 

2.4 

0.9 

19 

17 

11 

7 

18 

0.23 

3309.8 

818.4 

20.6 

5.8 

2.9 

0.6 

19 

17 

12 

6 

21 

3358.6 

813.1 

20.0 

5.8 

2.8 

0.6 

19 

17 

11 

6 

22 

3334.4 

816.2 

20.1 

4.6 

2.1 

0.6 

19 

17 

12 

6 

Table  A  4  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  1.0  mg/L  concentration. 


A-2 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  0.5  mg/L 

0 

0.6 

1826.0 

445.4 

10.8 

2.2 

1.4 

0.4 

18 

16 

11 

6 

2 

1801.2 

433.6 

10.5 

2.3 

1.4 

0.2 

18 

16 

11 

5 

4 

0.13 

1841.4 

456.3 

11.1 

2.5 

1.6 

0.4 

18 

16 

11 

6 

16 

1787.7 

429.5 

13.1 

4.1 

1.8 

0.4 

18 

16 

11 

6 

18 

1821.4 

437.7 

11.7 

3.2 

1.1 

0.3 

18 

16 

11 

5 

20 

0.13 

1779.8 

423.6 

11.8 

2.3 

0.9 

0.1 

18 

16 

11 

4 

Table  A  5  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  i 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  0.25  mgC 

0 

0.6 

1324.2 

309.5 

5.9 

1.4 

0.6 

0.2 

18 

15 

10 

5 

3 

0.08 

1359.9 

324.6 

6.1 

1.6 

0.6 

0.1 

18 

16 

10 

4 

5 

0.13 

1304.4 

307.1 

7.4 

1.6 

0.6 

0.0 

18 

15 

10 

0 

A2  0.25  mgT  - 
8.8ppm  water 

0 

8.0 

7393.2 

3655.5 

325.4 

92.9 

36.9 

6.1 

20 

19 

16 

10 

3 

7.2 

7215.8 

3543.5 

318.9 

93.0 

34.5 

5.6 

20 

19 

15 

10 

A2  0.25  mg/L  - 
8.8ppm  water 

0 

8.8 

9057.1 

4791.2 

451.4 

129.4 

50.7 

7.9 

20 

19 

16 

10 

2 

8844.6 

4634.7 

433.9 

124.3 

48.8 

7.5 

20 

19 

16 

10 

A2  0.25  mgU-  33.6 
ppm  water 

0 

33.9 

26813.1 

17067.6 

2095.9 

596.9 

244.2 

40.0 

22 

21 

18 

12 

3 

33.3 

26501.2 

16958.1 

2104.3 

621.9 

255.1 

39.1 

22 

21 

18 

12 

6 

26347.5 

16840.0 

2044.5 

601.2 

241.4 

38.9 

22 

21 

18 

12 

Table  A  6  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.25  mg/L  concentration. 


A-3 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

IV 

o 

3 

4 

6 

14 

30 

A1  1.0  mg/L 

0 

0.6 

6382.8 

1884.1 

5.2 

0.6 

0.3 

0.0 

20 

18 

10 

0 

4 

0.28 

6184.2 

1833.6 

4.6 

0.2 

0.2 

0.0 

20 

18 

9 

0 

6 

6470.7 

1889.4 

4.3 

0.4 

0.1 

0.0 

20 

18 

9 

0 

10 

6431.7 

1880.9 

5.1 

1.0 

0.3 

0.0 

20 

18 

10 

0 

12 

6498.2 

1901.0 

4.1 

0.1 

0.1 

0.0 

20 

18 

9 

0 

15 

6473.9 

1890.4 

3.7 

0.3 

0.1 

0.0 

20 

18 

9 

0 

19 

0.13 

6481.4 

1915.7 

3.0 

0.1 

0.0 

0.0 

20 

18 

9 

0 

22 

6485.3 

1921.7 

6.4 

1.1 

0.4 

0.1 

20 

18 

10 

4 

24 

6402.1 

1901.5 

3.9 

0.6 

0.3 

0.1 

20 

18 

9 

4 

Table  A  7  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A1  0.5  mg/L 

0 

0.6 

3493.3 

993.4 

2.1 

0.3 

0.2 

0.1 

19 

17 

8 

4 

2 

3581.2 

1022.6 

2.9 

0.3 

0.2 

0.0 

19 

17 

9 

0 

4 

0.05 

3709.9 

1073.9 

4.1 

0.8 

0.3 

0.0 

19 

17 

9 

0 

12 

3549.5 

1015.5 

2.6 

0.2 

0.0 

0.0 

19 

17 

9 

0 

13 

3506.0 

991.2 

2.3 

0.6 

0.3 

0.1 

19 

17 

8 

4 

15 

3472.9 

975.4 

2.4 

0.1 

0.1 

0.1 

19 

17 

8 

4 

19 

0.13 

3565.2 

1018.7 

5.1 

1.0 

0.4 

0.0 

19 

17 

10 

0 

21 

3446.3 

981.5 

3.5 

0.5 

0.3 

0.1 

19 

17 

9 

4 

23 

3468.8 

978.1 

2.9 

0.4 

0.0 

0.0 

19 

17 

9 

0 

Table  A  8  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.5  mg/L  concentration. 


A-4 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A1  0.25  mg/L 

0 

0.6 

2637.1 

725.9 

2.5 

0.1 

0.0 

0.0 

19 

17 

8 

0 

2 

2800.1 

779.8 

3.3 

0.6 

0.4 

0.1 

19 

17 

9 

4 

5 

0.15 

2781.2 

754.9 

1.9 

0.1 

0.1 

0.0 

19 

17 

8 

0 

9 

2640.6 

744.1 

1.6 

0.4 

0.1 

0.0 

19 

17 

8 

0 

11 

2788.3 

761.4 

2.1 

0.4 

0.1 

0.0 

19 

17 

8 

0 

13 

2725.3 

746.4 

2.6 

0.4 

0.2 

0.0 

19 

17 

9 

0 

17 

2665.1 

739.3 

2.4 

0.5 

0.1 

0.0 

19 

17 

8 

0 

19 

0.10 

2721.3 

745.1 

1.9 

0.1 

0.1 

0.0 

19 

17 

8 

0 

21 

2614.4 

707.1 

1.7 

0.2 

0.1 

0.0 

19 

17 

8 

0 

Table  A  9  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.25  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

RIO  1.0  mg/L 

0 

0.7 

18805.1 

3723.9 

8.9 

1.4 

0.3 

0.0 

21 

19 

10 

0 

7 

0.27 

18769.6 

3704.4 

8.4 

0.9 

0.2 

0.0 

21 

19 

10 

0 

9 

18903.0 

3790.9 

9.7 

1.2 

0.4 

0.1 

21 

19 

10 

4 

11 

18768.1 

3707.9 

6.7 

0.2 

0.0 

0.0 

21 

19 

10 

0 

15 

18845.2 

3763.6 

9.0 

0.9 

0.4 

0.0 

21 

19 

10 

0 

17 

0.20 

18957.4 

3757.1 

8.1 

0.9 

0.4 

0.0 

21 

19 

10 

0 

23 

19426.1 

3900.9 

9.1 

1.2 

0.4 

0.1 

21 

19 

10 

4 

Table  A  10  -  Evaluation  1  IP  564  particle  count  data  for  red  iron  oxide  test  dust  at  1.0  mg/L  concentration. 


A-5 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

RIO  0.5  mg/L 

0 

0.7 

10719.7 

1642.3 

2.2 

0.5 

0.1 

0.0 

21 

18 

8 

0 

2 

10952.2 

1719.1 

3.6 

0.4 

0.1 

0.0 

21 

18 

9 

0 

4 

0.18 

11269.6 

1787.7 

4.6 

0.6 

0.1 

0.0 

21 

18 

9 

0 

10 

11438.6 

1769.1 

5.4 

0.6 

0.1 

0.0 

21 

18 

10 

0 

12 

11394.8 

1755.3 

3.4 

0.1 

0.0 

0.0 

21 

18 

9 

0 

14 

11212.9 

1686.4 

4.6 

0.7 

0.3 

0.0 

21 

18 

9 

0 

17 

11903.1 

1859.9 

3.8 

0.2 

0.1 

0.0 

21 

18 

9 

0 

19 

0.20 

11647.0 

1747.1 

3.1 

0.1 

0.0 

0.0 

21 

18 

9 

0 

21 

11467.1 

1725.1 

3.9 

0.2 

0.1 

0.0 

21 

18 

9 

0 

Table  A  11  -  Evaluation  1  IP  564  particle  count  data  for  red  iron  oxide  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

RIO  0.25  mgU 

0 

0.7 

9304.4 

1285.5 

3.1 

0.4 

0.1 

0.1 

20 

17 

9 

4 

2 

8908.9 

1236.1 

8.3 

1.9 

0.9 

0.1 

20 

17 

10 

4 

4 

0.15 

8548.0 

1093.1 

1.8 

0.3 

0.1 

0.0 

20 

17 

8 

0 

8 

9146.1 

1224.4 

2.3 

0.4 

0.1 

0.0 

20 

17 

8 

0 

11 

8693.1 

1110.2 

4.0 

0.6 

0.4 

0.1 

20 

17 

9 

4 

13 

0.17 

8774.1 

1125.9 

2.1 

0.4 

0.3 

0.2 

20 

17 

8 

5 

Table  A  12  -  Evaluation  1  IP  564  particle  count  data  for  red  iron  oxide  test  dust  at  0.25  mg/L  concentration. 


A-6 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  441 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

0.25  mg/L  RIO  -  5 
ppm  H20 

0 

11887.4 

3498.7 

247.6 

69.7 

27.5 

4.8 

21 

19 

15 

9 

3 

11324.7 

3216.9 

229.3 

70.4 

27.2 

3.8 

21 

19 

15 

9 

4 

11422.4 

3282.5 

234.1 

67.4 

26.0 

4.3 

21 

19 

15 

9 

Open  RIO/  5  ppm 
H20 

0 

39532.8 

12298.9 

294.9 

74.9 

29.5 

3.9 

22 

21 

15 

9 

2 

42851.1 

14078.9 

300.4 

73.7 

29.5 

4.4 

23 

21 

15 

9 

4 

34560.5 

11283.9 

282.1 

71.5 

26.9 

4.1 

22 

21 

15 

9 

Table  A  13  -  Evaluation  1  IP  564  particle  count  data  for  red  iron  oxide  test  dust  with  free  water. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

5.6  ppm  H20 

0 

5016.8 

3179.1 

319.7 

92.3 

37.1 

6.4 

20 

19 

15 

10 

3 

5017.9 

3193.4 

316.1 

89.0 

34.3 

5.1 

20 

19 

15 

10 

5 

6.9 

5234.5 

3352.1 

330.9 

94.0 

34.4 

5.4 

20 

19 

16 

10 

8 

3788.2 

2389.0 

233.1 

65.1 

26.6 

4.1 

19 

18 

15 

9 

11 

6.7 

3888.9 

2464.4 

237.0 

67.1 

26.9 

4.5 

19 

18 

15 

9 

13 

3906.9 

2467.9 

245.5 

70.4 

27.8 

5.1 

19 

18 

15 

10 

17 

4.1 

3968.4 

2507.8 

256.3 

74.3 

29.9 

4.9 

19 

19 

15 

9 

19 

5.0 

3787.9 

2402.1 

239.6 

70.6 

28.9 

5.4 

19 

18 

15 

10 

20 

5.1 

3748.4 

2374.6 

234.9 

67.4 

26.7 

5.5 

19 

18 

15 

10 

Table  A  14  -  Evaluation  1  IP  564  particle  count  data  for  5  ppm  free  water. 


A-7 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

7.1  ppm  H20 

0 

7092.1 

4558.0 

426.5 

119.9 

47.4 

6.7 

20 

19 

16 

10 

2 

6.7 

6329.4 

4101.3 

403.5 

119.8 

44.9 

6.5 

20 

19 

16 

10 

4 

6794.2 

4407.1 

442.7 

127.1 

50.1 

7.4 

20 

19 

16 

10 

8 

7.2 

6898.7 

4420.4 

444.6 

129.4 

47.8 

7.2 

20 

19 

16 

10 

11 

6824.3 

4368.7 

440.9 

120.5 

47.9 

7.4 

20 

19 

16 

10 

13 

8.1 

7020.2 

4491.9 

455.1 

126.5 

46.1 

7.0 

20 

19 

16 

10 

18 

7.5 

6731.4 

4308.1 

437.3 

127.5 

48.6 

8.6 

20 

19 

16 

10 

23 

6871.2 

4395.3 

445.2 

135.6 

51.1 

8.0 

20 

19 

16 

10 

25 

6.2 

6937.2 

4431.4 

477.6 

139.2 

55.9 

8.8 

20 

19 

16 

10 

Table  A  15  -  Evaluation  1  IP  564  particle  count  data  for  7  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

S 

a. 

Al 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

12.6  ppmH20 

0 

12.9 

8943.7 

5781.1 

597.8 

171.7 

67.8 

10.6 

20 

20 

16 

11 

2 

8949.1 

5800.6 

618.1 

180.6 

72.0 

12.4 

20 

20 

16 

11 

6 

8.2 

9001.9 

5811.6 

600.1 

172.6 

68.8 

12.2 

20 

20 

16 

11 

10 

12.4 

9076.8 

5849.5 

617.5 

175.4 

70.7 

10.0 

20 

20 

16 

10 

12 

12.3 

9134.7 

5905.6 

597.9 

173.4 

66.3 

10.1 

20 

20 

16 

11 

14 

12.9 

9245.1 

5955.2 

629.5 

182.1 

71.6 

10.5 

20 

20 

16 

11 

Table  A  16  -  Evaluation  1  IP  564  particle  count  data  for  12  ppm  free  water. 


A-8 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

S 

a. 

■/-( 

n 

Al 

>  30  pm 

4 

6 

14 

30 

16.2  ppm  H2() 

0 

11188.2 

7284.1 

801.3 

240.7 

97.5 

15.6 

21 

20 

17 

11 

5 

16.9 

11011.4 

7157.4 

766.9 

222.4 

87.8 

16.6 

21 

20 

17 

11 

9 

17.2 

11286.5 

7325.6 

800.3 

230.4 

91.4 

16.2 

21 

20 

17 

11 

13 

11121.5 

7190.1 

764.6 

224.9 

86.2 

14.4 

21 

20 

17 

11 

15 

14.5 

10890.4 

7068.4 

756.9 

215.9 

82.2 

13.3 

21 

20 

17 

11 

17 

16.1 

11212.4 

7296.6 

786.5 

223.6 

89.8 

14.0 

21 

20 

17 

11 

Table  A  17  -  Evaluation  1  IP  564  particle  count  data  for  15  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  | 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

40  ppm  H20 

0 

39.6 

27380.7 

18466.9 

2325.0 

668.9 

267.4 

41.8 

22 

21 

18 

13 

2 

26435.7 

17863.6 

2243.2 

648.6 

259.2 

40.4 

22 

21 

18 

13 

4 

40.7 

28121.3 

19040.8 

2480.6 

733.4 

300.3 

48.6 

22 

21 

18 

13 

8 

39.9 

26581.9 

17996.9 

2329.4 

684.1 

286.0 

45.4 

22 

21 

18 

13 

11 

40.6 

26790.7 

18139.6 

2328.1 

698.2 

286.3 

45.8 

22 

21 

18 

13 

15 

38.2 

26919.8 

18277.4 

2379.4 

714.1 

295.5 

47.8 

22 

21 

18 

13 

Table  A  18  -  Evaluation  1  IP  564  particle  count  data  for  40  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  | 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

water  slug 

0 

very  high 

92109.8 

82643.0 

52232.5 

35679.5 

26705.0 

13332.8 

24 

24 

23 

21 

3 

92434.9 

82902.8 

52303.0 

35663.7 

26660.0 

13218.9 

24 

24 

23 

21 

Table  A  19  -  Evaluation  1  IP  564  particle  count  data  for  water  slug  test. 


A-9 

UNCLASSIFIED 


UNCLASSIFIED 


Appendix  B  Online  Evaluation  2 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565 

|  ISO  4406  Code  j 

>  4  jim 

>  6  jim 

IV 

4- 

*P 

3 

>  21  |im 

IV 

<Jl 

*P 

3 

IV 

o 

•p 

3 

4 

6 

14 

30 

>  4 gm 

>  6  jim 

>  14jim 

>  21gm 

>  25gm 

>  30 jim 

4 

6 

14 

30 

A3  2.5  mg/L 

5 

1.0750 

0.2 

5090.3 

1779.3 

108.2 

24.7 

10.0 

3.6 

20 

18 

14 

9 

6340.9 

2441.1 

97.5 

10.6 

2.5 

0.5 

20 

18 

14 

6 

10 

4767.2 

1632.4 

84.8 

17.9 

7.9 

2.5 

19 

18 

14 

8 

6185.3 

2378.0 

95.7 

11.3 

2.7 

0.7 

20 

18 

14 

7 

15 

5047.4 

1796.5 

118.1 

27.5 

12.5 

4.9 

20 

18 

14 

9 

6121.1 

2335.8 

93.2 

11.0 

2.5 

0.5 

20 

18 

14 

6 

20 

1.4525 

4695.9 

1595.0 

92.9 

17.1 

6.7 

2.4 

19 

18 

14 

8 

6123.4 

2342.1 

93.7 

11.3 

2.9 

0.5 

20 

18 

14 

6 

25 

4765.8 

1652.4 

98.0 

21.9 

9.9 

3.1 

19 

18 

14 

9 

6127.2 

2333.6 

93.9 

10.8 

2.7 

0.5 

20 

18 

14 

6 

30 

4716.5 

1623.2 

94.1 

20.1 

8.2 

2.9 

19 

18 

14 

9 

6087.0 

2319.3 

93.2 

10.4 

2.2 

0.5 

20 

18 

14 

6 

Table  B  1  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  2.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

ASTM  D3240 

IP  564 

ISO  4406  Code 

mg/L 

PPM 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6  14 

30 

2.5  mg/L  +  Water 

8448.1 

3773.1 

292.6 

63.5 

23.7 

6.6 

20 

19  15 

10 

Table  B  2  -  Evaluation  2  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  2.5  mg/L  concentration  with  free  water. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  | 

|  ISO  4406  Code  | 

ASTM  D7619,  IP  565 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

4- 

*P 

3 

>  21  jim 

IV 

Ol 

*P 

3 

IV 

© 

•p 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

IV 

© 

■p 

3 

4 

6 

14 

30 

A3  2.0  mg/L 

5 

1.0925 

0.2 

4219.8 

1501.0 

97.6 

21.7 

10.3 

4.2 

19 

18 

14 

9 

4990.1 

1986.5 

90.1 

11.7 

3.5 

i.i 

19 

18 

14 

7 

10 

4116.9 

1430.1 

85.7 

17.6 

8.6 

3.1 

19 

18 

14 

9 

5065.1 

2049.3 

105.5 

15.1 

4.8 

1.4 

20 

18 

14 

8 

15 

4142.6 

1458.1 

81.6 

17.0 

8.0 

3.0 

19 

18 

14 

9 

5168.7 

2115.2 

128.3 

20.5 

6.8 

2.1 

20 

18 

14 

8 

20 

1.0775 

4644.9 

1735.9 

115.6 

27.6 

12.6 

5.3 

19 

18 

14 

10 

5266.0 

2176.3 

143.3 

23.5 

8.6 

3.0 

20 

18 

14 

9 

25 

4019.4 

1402.3 

86.2 

20.3 

8.9 

3.0 

19 

18 

14 

9 

5046.3 

1964.8 

85.9 

10.8 

3.1 

1.0 

20 

18 

14 

7 

30 

3976.0 

1381.0 

81.2 

16.8 

8.0 

2.7 

19 

18 

14 

9 

5008.1 

1936.2 

84.2 

11.3 

3.1 

0.7 

20 

18 

14 

7 

Table  B  3  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  2.0  mg/L  concentration. 


B-l 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  i 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  1 

>  4  jim 

>  6  jim 

s 

=L 

Tf 

t-H 

Al 

IV 

ts> 

*P 

3 

>  25  jim 

IV 

o 

*p 

3 

4 

6 

14 

30 

>  4  jim 

>  6  jim 

>  14jim 

>  2 1  jim 

>  25jim 

|  >  30 jim 

4 

6 

14 

30 

A3  1.0  mg/L 

5 

0.1550 

0.2 

2098.0 

743.3 

34.7 

7.3 

3.5 

1.2 

18 

17 

12 

7 

2546.9 

1077.2 

50.9 

7.5 

1.8 

19 

17 

13 

6 

10 

2155.1 

764.5 

33.1 

6.1 

3.3 

1.3 

18 

17 

12 

7 

2588.3 

1099.5 

55.0 

7.1 

2.0 

19 

17 

13 

6 

15 

2251.4 

816.1 

44.9 

10.4 

4.2 

1.8 

18 

17 

13 

8 

2640.9 

1126.5 

63.5 

9.4 

3.1 

19 

17 

13 

7 

20 

0.3325 

2242.5 

801.1 

42.3 

8.9 

2.8 

0.6 

18 

17 

13 

6 

2636.5 

1116.9 

59.4 

8.5 

2.4 

0.9 

19 

17 

13 

7 

25 

2359.5 

854.3 

52.0 

12.8 

5.4 

1.8 

18 

17 

13 

8 

2657.1 

1142.5 

63.7 

10.8 

3.2 

0.8 

19 

17 

13 

7 

30 

2125.4 

749.7 

42.0 

7.8 

3.0 

1.0 

18 

17 

13 

7 

2576.6 

1075.0 

52.0 

6.9 

1.7 

0.6 

19 

17 

13 

6 

Table  B  4  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564 

|  ISO  4406  Code  | 

ASTM  D7619,  IP  565 

ISO  4406  Code  I 

>  4  jim 

>  6  jim 

IV 

4-- 

*P 

3 

>  21  jim 

>  25  jim 

IV 

© 

*P 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

IV 

Is) 

*P 

3 

>  25jim 

IV 

w 

© 

*P 

3 

4 

6 

14 

30 

A3  0.50  mg/L 

5 

0.1800 

1107.1 

372.0 

20.5 

4.4 

2.1 

0.5 

17 

16 

12 

6 

1332.6 

513.5 

26.1 

4.4 

1.3 

0.4 

18 

16 

12 

6 

10 

1121.0 

372.9 

21.4 

3.9 

1.6 

0.4 

17 

16 

12 

6 

1317.8 

501.8 

23.6 

3.7 

1.1 

0.3 

18 

16 

12 

5 

15 

1077.4 

354.1 

19.6 

4.3 

2.2 

0.9 

17 

16 

11 

7 

1319.3 

491.0 

21.5 

3.2 

1.1 

0.3 

18 

16 

12 

5 

20 

1090.5 

365.6 

19.3 

4.9 

1.9 

0.9 

17 

16 

11 

7 

1350.4 

520.2 

25.9 

4.5 

1.7 

0.6 

18 

16 

12 

6 

25 

0.1975 

0.2 

1099.9 

365.7 

16.7 

3.1 

1.6 

0.8 

17 

16 

11 

7 

1328.3 

504.3 

21.0 

3.3 

1.0 

0.4 

18 

16 

12 

6 

30 

1096.1 

363.0 

20.0 

4.2 

1.4 

17 

16 

11 

6 

1324.1 

493.2 

23.3 

3.4 

1.0 

0.4 

18 

16 

12 

6 

Table  B  5  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

j  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

•p 

3 

>  21  jim 

>  25  jim 

IV 

© 

•p 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

IV 

© 

*P 

3 

4 

6 

14 

30 

A3  0.25  mg/L 

5 

0.1000 

657.1 

221.0 

12.7 

3.2 

1.7 

j  0.4 

17 

15 

11 

6 

776.4 

301.5 

16.2 

3.0 

1.2 

0.5 

17 

15 

11 

6 

10 

646.1 

215.4 

10.7 

2.1 

17 

15 

11 

6 

757.2 

286.0 

13.3 

2.4 

0.3 

17 

15 

11 

5 

15 

630.9 

211.9 

12.3 

2.9 

1.5 

mm 

16 

15 

11 

7 

738.0 

280.3 

15.1 

2.9 

0.8 

0.4 

17 

15 

11 

6 

20 

0.0750 

0.1 

646.4 

212.1 

12.4 

2.5 

1.1 

17 

15 

11 

6 

740.9 

286.6 

15.1 

2.4 

0.6 

0.4 

17 

15 

11 

6 

25 

659.6 

225.6 

12.9 

3.1 

1.6 

0.8 

17 

15 

11 

7 

735.4 

280.1 

13.8 

2.3 

1.1 

0.3 

17 

15 

11 

5 

30 

605.6 

203.6 

10.4 

2.6 

1.1 

0.1 

16 

15 

11 

4 

721.5 

270.5 

11.4 

1.8 

0.6 

0.2 

17 

15 

11 

5 

Table  B  6  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.25  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

4- 

*P 

3 

IV 

ts> 

*P 

3 

IV 

ts> 

*P 

3 

IV 

© 

•p 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

IV 

© 

■p 

3 

4 

6 

14 

30 

A2  2.5  mg/L 

5 

0.9375 

7746.1 

1934.2 

79.5 

19.9 

9.7 

3.6 

20 

18 

13 

9 

11638.8 

3491.3 

67.2 

6.0 

1.2 

1.0 

21 

19 

13 

7 

10 

0.3 

7397.8 

1784.5 

62.9 

15.5 

6.9 

2.4 

20 

18 

13 

8 

11219.2 

3376.6 

67.1 

7.4 

1.6 

0.3 

21 

19 

13 

5 

15 

0.8125 

7207.1 

1693.5 

51.7 

10.9 

4.3 

1.1 

20 

18 

13 

7 

11133.0 

3349.8 

64.0 

6.7 

1.7 

0.3 

21 

19 

13 

5 

20 

9298.9 

2974.2 

356.5 

146.1 

87.1 

39.9 

20 

19 

16 

12 

11047.4 

3303.4 

62.1 

6.6 

1.7 

0.5 

21 

19 

13 

6 

Table  B  7  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  2.5  mg/L  concentration. 


B-2 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

|  ISO  4406  Code  | 

j  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

h* 

4— 

*P 

3 

>  21  |im 

>  25  |im 

IV 

o 

■p 

3 

4 

6 

14 

30 

>  4  jim 

>  6  jim 

>  14jim 

>  21  jim 

>  25jim 

>  30 jim 

4 

6 

14 

30 

A2  2.0  mg/L 

5 

0.1075 

6095.7 

1443.9 

48.6 

11.8 

5.7 

1.6 

20 

18 

13 

8 

9043.2 

2792.3 

52.6 

5.9 

1.2 

0.3 

20 

19 

13 

5 

10 

0.2 

6385.9 

1656.0 

88.0 

26.1 

13.4 

6.5 

20 

18 

14 

10 

9050.1 

2771.4 

51.5 

5.8 

1.1 

0.2 

20 

19 

13 

5 

15 

1.1525 

6214.6 

it™ 

71.8 

21.2 

4.7 

ES 

mm 

13 

9 

9022.0 

2771.6 

5.5 

1.2 

El 

mm 

13 

5 

20 

5932.4 

DSEl 

48.3 

11.2 

4.8 

El 

eh 

13 

7 

8993.0 

2766.1 

5.1 

1.3 

El 

EH 

13 

5 

Table  B  8  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  2.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  | 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

]  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

h- 

4— 

*P 

3 

>21  jim 

>  25  jim 

>  30  jim 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

>  30  jim 

4 

6 

14 

30 

A2  1.0  mgC 

5 

0.4700 

3152.5 

771.2 

26.1 

6.7 

3.2 

1.7 

19 

17 

12 

8 

4453.0 

1452.0 

26.4 

3.0 

0.8 

0.1 

19 

18 

12 

4 

10 

0.3 

2978.6 

727.1 

23.0 

6.8 

3.1 

0.6 

19 

17 

12 

6 

4294.7 

1393.4 

27.6 

2.7 

0.8 

0.3 

19 

18 

12 

5 

15 

0.3000 

3080.9 

769.6 

31.7 

8.1 

3.9 

1.5 

19 

17 

12 

8 

4253.2 

1381.6 

26.6 

3.0 

0.7 

0.3 

19 

18 

12 

5 

20 

2971.8 

714.6 

26.5 

5.9 

2.6 

1.2 

19 

17 

12 

7 

4269.5 

1376.2 

25.3 

2.6 

0.7 

0.2 

19 

18 

12 

5 

Table  B  9  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

!  ISO  4406  Code  | 

I  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  j 

>  4  jim 

>  6  jim 

IV 

U 

*P 

3 

IV 

ts> 

■P 

3 

>  25  jim 

IV 

o 

*P 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

IV 

*P 

3 

>  2 1  jim 

>  25jim 

IV 

o 

*P 

3 

4 

6 

14 

30 

A2  0.50  mg/L 

5 

0.1075 

1760.6 

404.8 

16.9 

4.0 

1.9 

0.9 

18 

16 

11 

7 

2536.6 

766.6 

15.1 

2.4 

0.4 

0.1 

19 

17 

11 

4 

10 

0.4 

1764.7 

403.1 

15.9 

3.8 

1.5 

0.3 

18 

16 

11 

5 

2542.0 

773.6 

16.8 

2.4 

0.8 

0.3 

19 

17 

11 

5 

15 

0.3500 

1729.6 

388.0 

3.2 

1.3 

18 

16 

11 

6 

2548.8 

777.2 

16.8 

2.8 

19 

17 

11 

5 

20 

2090.6 

556.2 

17.0 

8.9 

I  4.6 

18 

16 

13 

9 

2564.6 

776.0 

17.1 

2.5 

t  1.0 

19 

17 

11 

5 

Table  B  10  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

i  IP  564  | 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

h- 

*P 

3 

>  21  jim 

IV 

*P 

3 

IV 

o 

■p 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

>  30jim 

4 

6 

14 

1  30  1 

A2  0.25  mg/L 

5 

0.1575 

1051.6 

259.6 

9.9 

2.6 

1.0 

17 

15 

10 

6 

1472.1 

476.0 

17.1 

3.2 

1.3 

0.5 

18 

16 

11 

10 

0.3 

1061.6 

261.8 

15.6 

5.6 

3.1 

!  1.4 

17 

15 

11 

8 

1412.0 

438.2 

10.3 

1.5 

0.5 

0.1 

18 

16 

11 

4 

15 

998.0 

232.1 

11.0 

3.6 

1.7 

— 

17 

15 

11 

7 

1419.3 

434.1 

9.3 

1.7 

0.6 

0.2 

18 

16 

10 

5 

20 

0.1150 

986.2 

225.9 

8.5 

2.5 

0.9 

17 

15 

10 

6 

1408.2 

436.0 

10.4 

1.5 

0.4 

0.1 

18 

16 

11 

4 

25 

982.9 

223.1 

7.8 

2.4 

0.9 

0.2 

17 

15 

10 

5 

1417.5 

429.0 

9.8 

1.1 

0.4 

0.2 

18 

16 

10 

5 

30 

973.9 

218.3 

6.7 

1.4 

0.7 

0.2 

17 

15 

10 

5 

1423.7 

430.7 

9.1 

1.6 

0.5 

0.1 

18 

16 

10 

4 

Table  B  11  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.25  mg/L  concentration. 


B-3 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 

ASTM  D3240 

|  IP  564  j 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  j 

mg/L 

PPM 

>  4  jim 

>  6  jim 

>  14  (im 

>  21  |im 

>  25  |im 

>  30  jim 

4 

6 

14 

30 

>  4  jim 

>  6  jim 

>  14jim 

>  21  jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

5 

1.1925 

13125.7 

3933.4 

15.7 

1.9 

0.6 

0.1 

21 

19 

11 

4 

16698.9 

7436.8 

52.2 

2.0 

0.5 

0.2 

21 

20 

13 

5 

A1  2.5  mgL 

10 

0.5 

12221.6 

3642.1 

20.5 

3.8 

1.5 

0.7 

21 

19 

12 

7 

15666.4 

6979.2 

47.9 

1.9 

0.5 

0.2 

21 

20 

13 

5 

15 

0.4000 

12019.3 

3584.8 

16.1 

3.1 

1.8 

mm 

KH 

11 

7 

15714.2 

6997.9 

49.5 

2.0 

0.4 

0.1 

21 

mm 

mm 

4 

20 

12089.4 

3589.9 

16.8 

2.6 

1.6 

MM 

mm 

11 

6 

15693.5 

6998.1 

49.1 

2.1 

0.4 

0.2 

21 

MM 

mm 

5 

Table  B  12  -  Eva] 

luation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  121C 

13-1  A1  ultrafine  test  dust  at  2.5  mg/L  concentration. 

Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  f 

>  4  jim 

>  6  jim 

IV 

h* 

4— 

*P 

3 

>21  jim 

>  25  jim 

>  30  jim 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

>  30  jim 

4 

6 

14 

30 

A1  2.0  mg/L 

5 

0.7775 

10237.6 

2989.9 

18.5 

3.7 

1.9 

0.6 

21 

19 

11 

6 

12894.0 

5767.2 

43.7 

2.2 

0.6 

0.4 

21 

20 

13 

6 

10 

0.6 

10202.4 

2930.6 

22.4 

6.0 

2.9 

1.1 

21 

19 

12 

7 

12829.4 

5740.4 

44.0 

2.7 

0.7 

0.3 

21 

20 

13 

5 

15 

0.7800 

10022.6 

2885.9 

17.6 

3.9 

1.6 

0.5 

21 

19 

11 

6 

12839.4 

5729.0 

43.4 

2.3 

0.6 

0.1 

21 

20 

13 

4 

20 

10061.1 

2876.1 

18.1 

4.6 

2.4 

1.1 

21 

19 

11 

7 

12838.6 

5721.8 

46.5 

2.6 

0.8 

0.3 

21 

20 

13 

5 

Table  B  13  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  2.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  | 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  j 

>  4  jim 

>  6  jim 

s 

=L 

Tf 

Al 

>  21  jim 

IV 

'M 

*p 

3 

IV 

o 

*P 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

IV 

o 

*P 

3 

4 

6 

14 

30 

A1  1.0  ingL 

5 

0.3475 

5991.9 

1688.6 

16.0 

4.7 

2.9 

!  1.7 

20 

18 

11 

8 

6843.2 

3123.9 

24.5 

1.6 

0.5 

0.2 

20 

19 

12 

5 

10 

4894.5 

1354.4 

11.4 

3.0 

1.9 

19 

18 

11 

7 

5709.2 

2558.3 

22.7 

1.9 

0.4 

0.2 

20 

19 

12 

5 

15 

0.5 

4060.9 

1119.9 

11.7 

3.4 

1.7 

19 

17 

11 

7 

4747.3 

2107.7 

18.7 

2.3 

1.2 

0.7 

19 

18 

11 

7 

20 

0.3525 

3837.3 

1074.7 

9.1 

2.0 

1.0 

19 

17 

10 

5 

4643.3 

2060.4 

18.8 

1.6 

0.4 

0.2 

19 

18 

11 

5 

25 

4900.9 

1377.0 

9.9 

2.4 

0.6 

0.3 

19 

18 

10 

5 

6336.7 

2835.8 

22.2 

1.5 

0.3 

0.1 

20 

19 

12 

4 

30 

5604.5 

1577.9 

10.5 

2.9 

1.4 

0.8 

20 

18 

11 

7 

6689.3 

3003.7 

23.7 

1.6 

0.4 

0.2 

20 

19 

12 

5 

Table  B  14  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

j  IP  564  J 

i  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565 

|  ISO  4406  Code  1 

>  4  jim 

>  6  jim 

IV 

-fc- 

•P 

3 

IV 

•P 

3 

IV 

t/1 

•P 

3 

IV 

o 

•p 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14  jim 

>  21jim 

>  25jim 

IV 

Ui 

o 

•p 

3 

4 

6 

14 

30 

Al  1.0  mg/L  -  10 
ppm  Water 

5 

7.9 

13091.9 

6150.3 

455.9 

95.5 

30.1 

8.0 

21 

20 

16 

10 

13034.4 

8307.0 

1578.3 

397.7 

204.3 

98.4 

21 

20 

18 

14 

10 

8.8 

13022.9 

6208.8 

503.4 

115.5 

36.0 

7.8 

21 

20 

16 

10 

13074.2 

8542.9 

1704.6 

431.1 

216.1 

104.5 

21 

20 

18 

14 

15 

8.1 

12681.1 

6114.9 

msm 

31.2 

5.6 

21 

El 

mm 

10 

12302.6 

8056.7 

1634.5 

410.0 

Ml 

95.5 

21 

^1 

na 

14 

20 

12728.4 

6213.1 

wssm 

32.6 

5.9 

21 

El 

mm 

10 

11766.7 

7814.2 

1632.8 

392.2 

mmm 

87.8 

21 

El 

mm 

14 

Table  B  15  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  1.0  mg/L  concentration  and  10  ppm  free  water. 


B-4 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

j  IP  564  | 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  I 

>  4  jim 

>  6  jim 

s 

3. 

t-H 

Al 

s 

a. 

<N 

Al 

>  25  (im 

s 

a. 

o 

Al 

4 

6 

14 

30 

>  4  jim 

s 

a. 

SO 

Al 

>  14jim 

>  2 1  jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

A1  0.50  mg/L 

5 

0.2150 

1666.4 

441.7 

3.1 

0.6 

0.3 

0.1 

18 

16 

9 

4 

2090.1 

896.0 

7.4 

1.1 

0.5 

0.2 

18 

17 

10 

5 

10 

0.4 

3279.4 

891.3 

5.1 

1.4 

0.5 

0.3 

19 

17 

10 

5 

4146.2 

1767.6 

10.9 

0.6 

0.1 

0.1 

19 

18 

11 

4 

15 

3410.0 

979.8 

21.8 

8.0 

4.9 

2.4 

19 

17 

12 

8 

4058.0 

1742.6 

11.6 

0.2 

0.1 

19 

18 

11 

4 

20 

0.3025 

3228.1 

875.8 

6.6 

1.6 

1.1 

0.5 

19 

17 

10 

6 

4050.3 

1738.6 

10.6 

0.8 

0.3 

0.1 

19 

18 

11 

4 

25 

3136.9 

850.9 

5.6 

1.7 

0.3 

19 

17 

10 

5 

4025.4 

1728.4 

10.6 

0.4 

0.1 

0.0 

19 

18 

11 

0 

Table  B  16  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

i  IP  564  | 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

h- 

*3 

3 

>  21  jim 

IV 

C/1 

*3 

3 

IV 

o 

*3 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

Al  0.25  mg/L 

5 

0.1075 

2243.6 

603.8 

4.6 

1.3 

0.6 

0.5 

18 

16 

9 

6 

2847.0 

1221.6 

7.9 

0.4 

0.0 

0.0 

19 

17 

10 

0 

10 

0.5 

2195.9 

598.6 

3.9 

1.6 

1.0 

0.6 

18 

16 

9 

6 

2831.3 

1220.4 

9.5 

0.7 

0.2 

0.1 

19 

17 

10 

4 

15 

2209.5 

593.8 

3.8 

0.8 

18 

16 

9 

5 

2794.7 

1194.8 

7.0 

0.7 

0.2 

0.1 

19 

17 

10 

4 

20 

0.2400 

2192.5 

592.5 

3.4 

18 

16 

9 

5 

2777.5 

1187.5 

7.7 

0.1 

0.3 

0.2 

19 

17 

10 

5 

25 

2221.0 

603.1 

3.8 

1.1 

0.6 

0.4 

18 

16 

9 

6 

2757.3 

1174.3 

7.2 

0.6 

0.1 

0.1 

19 

17 

10 

4 

Table  B  17  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.25  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

j  IP  564  j 

|  ISO  4406  Code  | 

i  ASTM  D7619,  IP  565  j 

!  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

>  14  jim 

>  21  jim 

>  25  jim 

>  30  jim 

4 

6 

14 

30 

>  4jim 

>  6 jim 

>  14jim 

>  21  jim 

>  25jim 

>  30jim 

1  4  | 

6 

14 

30 

Al  0.25  mg/L  -  5 
ppm  Water 

5 

4.0 

7918.6 

3839.4 

266.4 

57.3 

19.7 

5.8 

20 

19 

15 

10 

6420.1 

4399.4 

999.7 

198.5 

86.1 

35.1 

19 

17 

12 

10 

4.0 

7753.6 

3822.9 

247.9 

47.5 

14.3 

2.8 

20 

19 

15 

9 

5760.1 

3952.0 

878.4 

167.4 

73.3 

29.0 

20 

19 

17 

12 

15 

3.8 

7108.1 

3500.1 

233.6 

45.5 

13.2 

2.9 

20 

19 

15 

9 

5524.0 

3762.2 

841.0 

159.1 

71.7 

28.7 

20 

19 

17 

12 

20 

2.3 

7082.4 

3472.9 

229.5 

45.3 

12.6 

2.6 

20 

19 

15 

9 

5311.7 

3554.7 

761.6 

143.3 

61.9 

24.5 

20 

19 

17 

12 

25 

2.7 

6478.1 

3131.7 

203.9 

41.1 

10.5 

2.4 

20 

19 

15 

8 

4959.7 

3258.7 

682.0 

131.8 

59.1 

22.4 

19 

19 

17 

12 

30 

3.3 

6083.7 

2893.7 

180.9 

35.1 

9.1 

1.4 

20 

19 

15 

8 

4670.3 

3011.9 

613.4 

117.7 

51.4 

19.8 

19 

19 

16 

11 

Table  B  18  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.25  mg/L  concentration  with  5  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

j  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565 

ISO  4406  Code  | 

>  4  jim  | 

>  6  jim  | 

s 

a. 

Al 

>21  jim| 

IV 

Ki 

C/1 

*a 

3 

IV 

c#i 

o 

3 

4  1 

6  1 

14 

30 

>  4jim  | 

>  6jim  | 

>  14  jim 

>  2 1  jim 

>  25 jim  | 

>  30 jim  | 

4  1 

6  1 

14  | 

30 

RIO  2.5  mg/L 

5 

1.8225 

0.0 

39043.4 

15495.1 

174.1 

6.6 

1.8 

0.4 

22 

21 

15 

6 

72490.2 

23327.3 

85.6 

5.9 

1.5 

0.3 

23 

22 

14 

5 

Table  B  19  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  red  iron  oxide  test  dust  at  2.5  mg/L  concentration. 


B-5 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  i 

|  ISO  4406  Code  | 

j  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

h* 

4— 

*P 

3 

>  21  (im 

>  25  |im 

IV 

O 

*P 

3 

4 

6 

14 

30 

>  4  jim 

>  6  jim 

>  14jim 

>  21  jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

RIO  2.0  mg/L 

5 

32931.1 

8932.7 

29.2 

3.0 

1.1 

0.4 

22 

20 

12 

6 

58791.5 

13804.7 

37.0 

3.0 

0.5 

0.2 

23 

21 

12 

5 

10 

2.0750 

33154.1 

898.1 

28.4 

2.1 

0.9 

0.4 

22 

17 

12 

6 

58612.9 

13786.5 

34.6 

3.0 

0.8 

0.2 

23 

21 

12 

5 

15 

0.0 

32922.9 

8933.7 

30.4 

2.6 

1.3 

0.1 

22 

MM 

wm 

4 

59234.2 

14091.0 

35.7 

2.7 

0.6 

0.1 

23 

21 

12 

4 

20 

33275.6 

9160.4 

29.6 

2.0 

0.2 

22 

mm 

mm 

5 

Table  B  20  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  red  iron  oxide  test  dust  at  2.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

|  ISO  4406  Code  [ 

>  4  jim 

>  6  jim 

IV 

h- 

*P 

3 

>  21  jim 

|>  25  jim| 

IV 

o 

*P 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

RIO  1.0  mg/L 

5 

0.9125 

23827.6 

5060.5 

13.6 

1.5 

22 

20 

11 

5 

44974.9 

10791.7 

28.8 

2.6 

0.3 

0.0 

23 

21 

12 

0 

10 

0.4 

20479.8 

4042.9 

13.2 

2.4 

22 

19 

11 

6 

33625.5 

8093.5 

22.7 

2.0 

0.4 

0.1 

22 

20 

12 

4 

15 

20467.6 

4045.2 

11.5 

2.0 

0.5 

0.2 

22 

19 

11 

5 

32677.2 

7814.3 

21.7 

1.9 

0.4 

0.0 

22 

20 

12 

0 

20 

0.7350 

20515.9 

4062.1 

11.7 

1.9 

0.9 

0.6 

22 

19 

11 

6 

32995.6 

8010.4 

20.8 

1.7 

0.5 

0.1 

22 

20 

12 

4 

25 

20572.4 

4035.9 

13.1 

1.8 

0.6 

0.2 

22 

19 

11 

5 

32878.6 

7938.1 

18.4 

1.4 

0.3 

0.1 

22 

20 

11 

4 

Table  B  21  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  red  iron  oxide  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564 

|  ISO  4406  Code 

|  ASTM  D7619,  IP  565 

|  ISO  4406  Code  | 

>  4  jim 

>  6  jim 

IV 

■u 

*P 

3 

IV 

■P 

3 

>  25  jim 

IV 

o 

*P 

3 

1  4  | 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14  jim 

>  21jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

RIO  0.50  mg/L 

5 

0.4075 

9839.9 

995.6 

17.6 

2.9 

1.1 

0.1 

17 

11 

4 

20121.4 

2321.8 

37.4 

5.6 

1.7 

0.6 

22 

18 

12 

6 

10 

9968.0 

952.0 

13.2 

2.5 

1.4 

0.4 

20 

17 

11 

6 

20503.4 

2301.6 

28.3 

4.6 

1.2 

0.4 

22 

18 

12 

6 

15 

9945.7 

938.2 

13.5 

2.7 

20 

17 

11 

5 

20807.8 

2317.5 

25.0 

3.8 

1.8 

0.7 

22 

18 

12 

7 

20 

0.4525 

0.3 

10925.7 

1037.1 

15.4 

2.6 

1.1 

0.3 

21 

17 

11 

5 

21827.1 

2380.1 

24.8 

4.0 

1.3 

0.3 

22 

18 

12 

5 

25 

10735.9 

1076.1 

28.4 

8.6 

5.0 

2.2 

21 

17 

12 

8 

21527.8 

2318.2 

20.8 

3.5 

1.1 

0.4 

22 

18 

12 

6 

Table  B  22  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  red  iron  oxide  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  | 

|  ISO  4406  Code  | 

I  ASTM  D7619,  IP  565  | 

I  ISO  4406  Code  j| 

>  4  jim 

>  6  jim 

3 

=L 

Al 

s 

=L 

i-H 

n 

Al 

s 

=L 

ITj 

n 

Al 

IV 

o 

*P 

3 

4 

6 

14 

30 

>  4 jim 

>  6 jim 

>  14jim 

>  21jim 

>  25jim 

>  30jim 

4 

6 

14 

30 

RIO  0.25  mg/L 

5 

0.1650 

187.6 

31.0 

1.9 

0.3 

0.1 

0.0 

15 

12 

8 

215.2 

38.0 

3.4 

0.5 

0.2 

0.1 

15 

12 

9 

4 

10 

6621.1 

618.9 

10.8 

2.0 

0.9 

0.1 

20 

16 

11 

4 

14191.6 

1541.9 

24.2 

4.3 

1.5 

0.5 

21 

18 

12 

6 

15 

6767.2 

640.9 

12.8 

2.4 

1.1 

mm 

■El 

11 

6 

14211.8 

1537.4 

25.2 

3.8 

1.2 

0.4 

mm 

■H 

12 

6 

20 

0.2775 

0.4 

6700.2 

640.8 

12.1 

2.4 

1.1 

El 

mm 

11 

5 

14152.4 

1544.6 

25.2 

4.5 

1.7 

0.6 

mm 

mm 

12 

6 

25 

6697.5 

640.0 

11.9 

2.0 

0.9 

0.2 

20 

16 

11 

5 

14042.1 

1552.6 

28.3 

5.1 

1.6 

0.6 

21 

18 

12 

6 

Table  B  23  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  red  iron  oxide  test  dust  at  0.25  mg/L  concentration. 


B-6 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  | 

|  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  | 

]  ISO  4406  Code  | 

>  4  pm 

>  6  pm 

IV 

*P 

3 

>  21  pm 

IV 

*P 

B 

IV 

w 

o 

*P 

B 

4 

6 

14 

30 

>  4pm 

>  6pm 

>  14pm 

>  21pm 

>  25pm 

>  30pm 

4 

6 

14 

30 

5  ppmH20 

5 

2.2 

3576.1 

1986.1 

159.0 

31.3 

10.1 

2.2 

19 

18 

14 

8 

2087.6 

1761.0 

524.5 

114.5 

53.8 

22.9 

18 

18 

16 

12 

10 

2.3 

3680.4 

2003.6 

167.5 

40.1 

12.9 

3.9 

19 

18 

15 

9 

2051.3 

1724.4 

521.2 

115.1 

53.2 

21.7 

18 

18 

16 

12 

15 

2.3 

4025.4 

2227.1 

191.6 

43.9 

13.9 

3.0 

19 

18 

15 

9 

2205.2 

1859.5 

563.7 

121.4 

57.9 

24.5 

18 

18 

16 

12 

20 

2.9 

4281.1 

2383.1 

208.4 

43.8 

12.4 

2.3 

19 

18 

15 

8 

2229.5 

1876.4 

566.7 

120.2 

56.0 

22.9 

18 

18 

16 

12 

25 

1.4 

4107.0 

2281.5 

202.5 

44.3 

12.3 

2.6 

19 

18 

15 

9 

2042.5 

1717.3 

517.0 

109.8 

50.6 

21.2 

18 

18 

16 

12 

30 

2.7 

4526.8 

2511.1 

217.5 

50.2 

15.4 

3.4 

19 

19 

15 

9 

2390.5 

2017.1 

606.5 

131.1 

59.5 

24.0 

18 

18 

16 

12 

Table  B  24  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  5  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

i  ISO  4406  Code  | 

|  ASTM  D7619,  IP  565  ! 

|  ISO  4406  Code  j 

>  4  pm 

>  6  pm 

IV 

h- 

■U 

•p 

B 

>  21  pm 

IV 

K) 

'M 

*P 

B 

IV 

o 

*P 

B 

1  4  | 

6 

14 

30 

>  4pm 

>  6pm 

>  14pm 

>  21pm 

>  25pm 

IV 

o 

*P 

3 

4 

6 

14 

30 

10  ppm  1420 

5 

3.6 

5749.7 

3222.8 

65.1 

20.6 

3.9 

19 

15 

9 

3088.6 

2610.7 

785.5 

172.2 

79.1 

32.3 

19 

19 

17 

12 

10 

6.6 

8526.3 

4836.2 

110.2 

33.6 

6.1 

20 

19 

16 

10 

4534.3 

3848.7 

1145.0 

250.0 

117.0 

46.7 

19 

19 

17 

13 

15 

8.1 

9585.4 

5490.1 

130.2 

39.6 

5.4 

20 

20 

16 

10 

5226.0 

4440.1 

1346.9 

292.1 

135.6 

54.5 

20 

19 

18 

13 

20 

8.2 

10814.1 

6260.5 

144.5 

44.9 

6.4 

21 

20 

16 

10 

6252.8 

5312.4 

1607.1 

345.5 

159.5 

62.9 

20 

20 

18 

13 

25 

11.3 

11856.1 

6849.4 

730.4 

171.3 

53.7 

9.8 

21 

20 

17 

10 

7143.8 

6055.1 

1833.6 

400.3 

182.3 

76.0 

20 

20 

18 

13 

30 

10.1 

12804.6 

7461.9 

816.2 

185.4 

58.1 

10.9 

21 

20 

17 

11 

7225.4 

6141.3 

1855.1 

404.1 

183.6 

75.4 

20 

20 

18 

13 

Table  B  25  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  10  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

|  IP  564  j 

|  ISO  4406  Code  | 

ASTM  D7619,  IP  565 

|  ISO  4406  Code  i 

>  4  pm 

>  6  pm 

IV 

■U 

*P 

3 

>  21  pm 

IV 

'J\ 

•P 

3 

IV 

© 

•p 

3 

4 

6 

14 

30 

>  4pm 

>  6pm 

>  14pm 

IV 

■P 

3 

>  25pm 

>  30pm 

4 

6 

14 

30 

20  ppmH20 

5 

17.7 

18462.3 

11061.7 

1411.4 

329.4 

106.9 

18.5 

21 

21 

18 

11 

11490.4 

9714.8 

2933.3 

647.5 

298.1 

120.3 

21 

20 

19 

14 

10 

19.6 

18537.6 

11107.8 

1415.8 

332.1 

105.1 

15.9 

21 

mm 

11 

11511.2 

9743.5 

2954.0 

656.5 

298.4 

121.3 

14 

15 

19.8 

18411.8 

11036.4 

1417.9 

327.9 

109.1 

16.3 

21 

21 

18 

11 

11566.8 

9781.7 

2944.3 

640.6 

292.2 

118.7 

21 

20 

19 

14 

20 

18.9 

18900.7 

11321.4 

1451.8 

339.5 

17.4 

21 

21 

18 

11 

11826.4 

10008.9 

3017.3 

663.0 

298.9 

121.6 

21 

21 

19 

14 

Table  B  26  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  20  ppm  free  water. 


B-7 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

30  ppmH20 

5 

10 

15 

20 

ASTM  D2276  ASTM  D3240 


ISO  4406  Code 


25.0 

25139.6 

15661.3 

2468.2 

608.4 

27.5 

25426.1 

15850.9 

2458.0 

619.9 

27.7 

25175.5 

15689.9 

2507.9 

626.2 

24.4 

25413.9 

15848.2 

2473.1 

612.3 

Table  B  27  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  30  ppm  free  water. 


_  ASTM  D7619,  IP  565  _ 

>  4 jim  I  >  6 jim  I  >  1 4pm  I  >  21pm|  >  25pm|  >  30pm 


ISO  4406  Code 


17842.0 

15079.2 

4595.3 

1017.6 

17881.6 

15089.7 

4569.6 

1013.4 

18574.4 

15661.2 

4747.3 

1064.0 

18281.7 

15397.3 

4652.0 

1031.5 

Test  Condition 

Time 

5 

40  ppm  H20 

10 

15 

20 

ASTM  D2276  ASTM  D3240 


_ _  IP  564  _ _ 

>  4  pm  I  >  6  (im  |>  14  pm|>  21  pm|>  25  pm|>  30  pm 


29188.0  18752.6  3440.3  897.7  326.7  59.3 


30836.9  19972.9  3783.4  994.1  357.5  62.8 


31111.9  20283.0  4043.0  1083.9  391.6  71.4 


21638.9  20652.4  4056.0  1073.8  387.9  65.8 


ISO  4406  Code 


Table  B  28  -  Evaluation  2  IP  564  and  ASTM  D7619  (IP  565)  particle  count  data  for  40  ppm  free  water. 


_  ASTM  D7619,  IP  565  _ 

>  4 jim  I  >  6 jim  I  >  14jim|  >  21jim|  >  25(im|  >  30(im 


23894.2  20166.8  6186.7  1406.0 


25539.7  21497.3  6547.9  1499.4 


26683.8  22424.2  6816.4  1563.0 


27709.7  23230.6  7069.8  1632.8 


ISO  4406  Code 


B-8 

UNCLASSIFIED 


UNCLASSIFIED 


Appendix  C  Online  Evaluation  3 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  1.0  mg/L 

5 

0.2 

1784.3 

586.7 

28.6 

6.4 

2.3 

0.9 

18 

16 

12 

7 

10 

1650.9 

547.1 

24.6 

4.6 

1.4 

0.4 

18 

16 

12 

6 

15 

0.6 

1614.9 

535.6 

30.0 

5.6 

2.6 

0.9 

18 

16 

12 

7 

25 

0.5 

1606.2 

540.2 

28.2 

5.6 

2.4 

0.9 

18 

16 

12 

7 

30 

1610.9 

540.9 

30.6 

5.9 

2.6 

1.1 

18 

16 

12 

7 

35 

1603.9 

541.6 

26.6 

5.4 

2.3 

1.0 

18 

16 

12 

7 

40 

1625.0 

541.2 

31.2 

6.1 

2.8 

1.2 

18 

16 

12 

7 

45 

1589.0 

525.2 

24.1 

4.3 

1.7 

0.4 

18 

16 

12 

6 

Table  Cl-  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  0.5  mg/L 

5 

0.25 

548.2 

176.8 

8.9 

1.4 

0.2 

0.1 

16 

15 

10 

4 

10 

838.9 

268.3 

13.4 

2.4 

1.2 

0.6 

17 

15 

11 

6 

15 

0.9 

833.1 

276.1 

13.3 

2.6 

1.1 

0.3 

17 

15 

11 

5 

20 

0.075 

819.2 

261.8 

12.0 

2.4 

1.0 

0.4 

17 

15 

11 

6 

25 

849.7 

273.8 

11.9 

2.4 

1.1 

0.3 

17 

15 

11 

5 

30 

842.9 

268.7 

12.1 

1.9 

0.9 

0.4 

17 

15 

11 

6 

Table  C  2  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.5  mg/L  concentration. 


C-l 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  0.25  mg/L 

5 

0.15 

464.5 

144.7 

5.6 

1.0 

0.3 

0.1 

16 

14 

10 

4 

10 

453.1 

137.1 

6.3 

1.2 

0.4 

0.1 

16 

14 

10 

4 

15 

0.8 

438.4 

137.4 

6.4 

0.9 

0.2 

0.1 

16 

14 

10 

4 

20 

0.2 

479.6 

149.9 

6.9 

1.1 

0.4 

0.2 

16 

14 

10 

5 

25 

476.9 

145.7 

5.9 

0.6 

0.3 

0.0 

16 

14 

10 

0 

30 

486.0 

153.2 

6.9 

1.6 

0.6 

0.1 

16 

14 

10 

4 

Table  C  3  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.25  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  1.0  mg/L 

5 

0.68 

3116.7 

665.6 

28.1 

7.2 

3.2 

0.9 

19 

17 

12 

7 

10 

0.20 

2984.1 

637.9 

22.9 

6.0 

3.1 

0.4 

19 

16 

12 

6 

15 

0.08 

3013.9 

643.1 

23.1 

5.1 

2.2 

0.5 

19 

17 

12 

6 

20 

0.65 

0.8 

3074.4 

654.4 

23.4 

5.9 

2.8 

1.0 

19 

17 

12 

7 

25 

0.63 

3079.1 

668.1 

26.4 

6.4 

3.4 

1.0 

19 

17 

12 

7 

30 

0.68 

3086.5 

673.6 

23.1 

4.5 

2.2 

0.7 

19 

17 

12 

7 

Table  C  4  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  0.5  mg/L 

5 

0.08 

0.7 

1602.7 

311.8 

10.8 

2.4 

0.8 

0.2 

18 

15 

11 

5 

10 

1617.4 

319.5 

11.4 

2.6 

0.6 

0.1 

18 

15 

11 

4 

15 

1622.0 

311.6 

9.6 

2.6 

1.0 

0.3 

18 

15 

10 

5 

20 

0.25 

1614.5 

313.4 

11.2 

2.9 

1.0 

0.2 

18 

15 

11 

5 

25 

0.8 

1653.6 

317.1 

11.5 

3.0 

1.2 

0.4 

18 

15 

11 

6 

30 

1652.7 

315.5 

11.2 

2.5 

1.1 

0.4 

18 

15 

11 

6 

Table  C  5  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.5  mg/L  concentration. 


C-2 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  0.25  mg/L 

5 

0.15 

777.1 

111.4 

2.5 

0.4 

0.2 

0.0 

17 

14 

8 

0 

10 

0.6 

775.4 

111.8 

2.8 

0.4 

0.1 

0.1 

17 

14 

9 

4 

15 

793.7 

120.5 

3.7 

0.6 

0.4 

0.1 

17 

14 

9 

4 

20 

0.13 

758.1 

111.5 

3.6 

0.8 

0.4 

0.1 

17 

14 

9 

4 

25 

743.0 

115.5 

3.1 

0.4 

0.1 

0.0 

17 

14 

9 

0 

30 

703.7 

112.5 

2.8 

0.5 

0.2 

0.1 

17 

14 

9 

4 

Table  C  6  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A1  1.0  mg/L 

5 

0.05 

6774.3 

1817.3 

8.9 

n/a 

1.6 

0.6 

20 

18 

10 

6 

10 

6654.4 

1769.4 

4.6 

0.3 

0.1 

0.0 

20 

18 

9 

0 

15 

0.7 

6509.8 

1736.6 

7.4 

1.1 

0.6 

0.2 

20 

18 

10 

5 

20 

0.80 

6447.0 

1724.2 

5.5 

0.4 

0.3 

0.1 

20 

18 

10 

4 

25 

6465.2 

1727.7 

6.7 

0.5 

0.1 

0.1 

20 

18 

10 

4 

30 

6388.6 

1707.4 

6.6 

0.6 

0.1 

0.0 

20 

18 

10 

0 

Table  Cl  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  i 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A1  0.5  mg/L 

5 

0.13 

2863.7 

722.4 

4.2 

0.9 

0.4 

0.0 

19 

17 

9 

0 

10 

2892.8 

740.4 

4.1 

0.7 

0.4 

0.1 

19 

17 

9 

4 

15 

0.6 

2893.4 

723.4 

2.8 

0.1 

0.0 

0.0 

19 

17 

9 

0 

20 

0.20 

3021.1 

773.9 

4.6 

1.3 

0.9 

0.3 

19 

17 

9 

5 

25 

3055.4 

784.7 

2.9 

0.6 

0.4 

0.1 

19 

17 

9 

4 

30 

3106.6 

781.7 

3.1 

0.3 

0.2 

0.1 

19 

17 

9 

4 

Table  C  8  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.5  mg/L  concentration. 


C-3 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A1  0.25  mg/L 

5 

0.18 

1751.5 

437.8 

2.2 

0.5 

0.2 

0.1 

18 

16 

8 

4 

10 

1630.1 

406.4 

1.7 

0.1 

0.1 

0.1 

18 

16 

8 

4 

15 

0.6 

1537.0 

378.2 

1.6 

0.4 

0.4 

0.1 

18 

16 

8 

4 

20 

0.00 

1538.6 

388.1 

5.5 

2.6 

1.5 

0.6 

18 

16 

10 

6 

25 

1456.2 

356.1 

1.4 

0.5 

0.1 

0.1 

18 

16 

8 

4 

30 

1360.4 

321.4 

1.6 

0.1 

0.1 

0.0 

18 

16 

8 

0 

Table  C  9  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A1  ultraline  test  dust  at  0.25  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

0.25  mg/L  A3  -  low 
Water 

5 

12.9 

1745.0 

1077.7 

372.2 

216.8 

134.1 

61.4 

18 

17 

16 

13 

10 

4.6 

1226.4 

698.9 

214.0 

128.2 

80.0 

36.0 

17 

17 

15 

12 

15 

2.7 

784.5 

377.3 

95.2 

54.4 

32.6 

14.6 

17 

16 

14 

11 

20 

3.5 

743.4 

355.1 

88.4 

51.4 

33.5 

15.4 

17 

16 

14 

11 

0.25  mg/L  A1  - 
5ppm  water 

5 

10.3 

2970.8 

1529.2 

463.1 

268.2 

167.8 

79.4 

19 

18 

16 

13 

10 

7.8 

2476.0 

1165.9 

321.1 

183.1 

111.6 

51.4 

18 

17 

16 

13 

15 

7.5 

2414.6 

1160.8 

326.6 

190.6 

118.7 

56.1 

18 

17 

16 

13 

20 

8.5 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

25 

6.7 

2446.4 

1215.4 

351.0 

200.3 

125.5 

56.9 

18 

17 

16 

13 

30 

5.9 

2356.8 

1190.8 

346.5 

196.9 

121.4 

57.6 

18 

17 

16 

13 

Table  C  10  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.25  mg/L  concentration  and  free  water. 


C-4 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

RIO  1.0  mg/L 

5 

6083.8 

374.9 

0.9 

0.1 

0.1 

0.0 

20 

16 

7 

0 

10 

0.30 

5684.1 

338.1 

1.1 

0.2 

0.2 

0.1 

20 

16 

7 

4 

15 

7110.2 

464.2 

1.2 

0.1 

0.0 

0.0 

20 

16 

7 

0 

20 

0.43 

0.3 

4728.3 

262.1 

0.6 

0.2 

0.1 

0.0 

19 

15 

6 

0 

25 

9317.1 

693.4 

1.6 

0.1 

0.0 

0.0 

20 

17 

8 

0 

30 

7521.5 

503.1 

1.7 

0.0 

0.0 

0.0 

20 

16 

8 

0 

Table  C  11  -  Evaluation  3  IP  564  particle  count  data  for  red  iron  oxide  test  dust  at  1.0  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

RIO  0.5  mgU 

5 

0.10 

3137.4 

143.4 

0.6 

0.0 

0.0 

0.0 

19 

14 

6 

0 

10 

1973.2 

79.5 

0.2 

0.0 

0.0 

0.0 

18 

13 

5 

0 

15 

1533.0 

62.1 

0.3 

0.0 

0.0 

0.0 

18 

13 

5 

0 

20 

0.08 

3065.9 

127.8 

0.4 

0.0 

0.0 

0.0 

19 

14 

6 

0 

25 

2409.9 

97.8 

0.1 

0.1 

0.0 

0.0 

18 

14 

4 

0 

30 

0.3 

1912.1 

72.4 

0.5 

0.1 

0.0 

0.0 

18 

13 

6 

0 

Table  C  12  -  Evaluation  3  IP  564  particle  count  data  for  red  iron  oxide  test  dust  at  0.5  mg/L  concentration. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  i 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

RIO  0.25  mgU 

5 

0.08 

1342.7 

47.6 

0.3 

0.0 

0.0 

0.0 

18 

13 

5 

0 

10 

0.3 

1614.4 

62.2 

0.6 

0.3 

0.2 

0.1 

18 

13 

6 

4 

15 

1446.6 

50.6 

0.2 

0.0 

0.0 

0.0 

18 

13 

5 

0 

20 

0.10 

1802.1 

66.4 

0.3 

0.1 

0.1 

0.0 

18 

13 

5 

0 

25 

2097.1 

78.4 

0.1 

0.1 

0.0 

0.0 

18 

13 

4 

0 

30 

2305.1 

88.6 

0.2 

0.1 

0.1 

0.1 

18 

14 

5 

4 

Table  C  13  -  Evaluation  3  IP  564  particle  count  data  for  red  iron  oxide  test  dust  at  0.25  mg/L  concentration. 


C-5 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

5  ppm  Water 

5 

3.2 

366.1 

250.4 

94.9 

56.7 

35.0 

16.4 

16 

15 

14 

11 

10 

2.7 

389.5 

270.9 

105.9 

64.2 

40.6 

19.1 

16 

15 

14 

11 

15 

2.2 

358.2 

248.7 

95.6 

57.0 

35.8 

16.1 

16 

15 

14 

11 

20 

2.2 

377.1 

261.1 

97.7 

57.4 

34.9 

16.2 

16 

15 

14 

11 

25 

2.3 

343.3 

238.8 

90.1 

55.2 

34.0 

15.0 

16 

15 

14 

11 

30 

2.1 

358.9 

244.9 

93.6 

55.3 

33.9 

16.1 

16 

15 

14 

11 

Table  C  14  -  Evaluation  3  IP  564  particle  count  data  for  5  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  : 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

£ 

a. 

o 

Al 

4 

6 

14 

30 

10  ppm  Water 

5 

10.4 

1737.9 

1249.5 

474.6 

282.2 

178.2 

82.2 

18 

17 

16 

14 

10 

11.5 

1771.6 

1269.4 

491.8 

295.1 

183.0 

82.5 

18 

17 

16 

14 

15 

12.3 

1663.1 

1185.7 

455.3 

274.7 

174.3 

81.6 

18 

17 

16 

14 

20 

14.4 

1528.3 

1102.4 

421.4 

252.6 

162.1 

77.4 

18 

17 

16 

13 

25 

10.5 

1918.4 

1381.4 

527.4 

319.1 

199.2 

96.4 

18 

18 

16 

14 

Table  C  15  -  Evaluation  3  IP  564  particle  count  data  for  10  ppm  free  water. 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code  I 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

20  ppm  Water 

5 

14.6 

2182.9 

1558.8 

598.8 

358.4 

228.0 

107.0 

18 

18 

16 

14 

10 

18.5 

2344.1 

1672.9 

658.0 

399.7 

257.9 

125.1 

18 

18 

17 

14 

15 

19.9 

2344.1 

1672.9 

658.0 

399.7 

257.9 

125.1 

18 

18 

17 

14 

20 

15.2 

2029.4 

1461.5 

569.8 

347.1 

221.6 

102.4 

18 

18 

16 

14 

25 

16.0 

2545.4 

1825.9 

712.2 

432.1 

278.6 

131.9 

19 

18 

17 

14 

30 

19.3 

2504.4 

1805.9 

701.6 

427.3 

269.8 

133.9 

19 

18 

17 

14 

Table  C  16  -  Evaluation  3  IP  564  particle  count  data  for  20  ppm  free  water. 


C-6 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

40  ppm  Water 

5 

29.8 

4022.4 

2912.2 

1155.8 

702.3 

453.4 

218.4 

19 

19 

17 

15 

10 

29.8 

4607.5 

3320.5 

1305.9 

788.2 

512.6 

246.1 

19 

19 

18 

15 

15 

35.2 

5560.1 

4010.2 

1629.9 

1007.0 

660.2 

330.1 

20 

19 

18 

16 

20 

34.5 

5443.9 

3932.9 

1585.6 

972.3 

626.9 

312.9 

20 

19 

18 

15 

25 

36.0 

6058.8 

4398.6 

1784.1 

1096.0 

711.0 

355.4 

20 

19 

18 

16 

30 

35.5 

6011.1 

4354.6 

1766.5 

1078.4 

691.4 

338.3 

20 

19 

18 

16 

Table  C  17  -  Evaluation  3  IP  564  particle  count  data  for  40  ppm  free  water. 


C-7 

UNCLASSIFIED 


UNCLASSIFIED 


Appendix  D  Bottle  Sample  Evaluation 


Test  Condition 

Theoretical 

mg/L 

ASTM  D5452 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

ISO  12103-1  A3 

medium  test  dust 

1.00 

0.80 

2210.7 

908.2 

39.6 

9.7 

4.5 

1.4 

18 

17 

12 

8 

1.00 

0.40 

2017.0 

797.2 

36.9 

8.9 

4.5 

1.8 

18 

17 

12 

8 

0.90 

0.60 

1516.6 

630.9 

29.7 

7.0 

3.3 

1.2 

18 

16 

12 

7 

0.95 

0.80 

1570.8 

606.2 

23.2 

4.5 

1.9 

0.5 

18 

16 

12 

6 

1.15 

1.20 

2557.4 

1055.9 

32.2 

5.8 

2.4 

0.9 

19 

17 

12 

7 

1.10 

0.60 

2054.6 

835.7 

38.4 

9.4 

5.0 

2.0 

18 

17 

12 

8 

1.00 

0.80 

1434.5 

603.4 

31.2 

9.2 

5.0 

2.0 

18 

16 

12 

8 

1.05 

0.90 

1444.5 

602.9 

31.9 

10.3 

5.5 

2.3 

18 

16 

12 

8 

0.85 

0.70 

1434.5 

591.3 

26.6 

7.4 

3.4 

1.5 

18 

16 

12 

8 

0.85 

1.50 

1765.7 

739.5 

33.5 

8.3 

4.1 

1.2 

18 

17 

12 

7 

2.00 

0.70 

4046.5 

1593.7 

49.0 

8.5 

3.2 

1.0 

19 

18 

13 

7 

2.10 

1.00 

4069.8 

1689.4 

66.1 

12.5 

5.0 

1.5 

19 

18 

13 

8 

2.00 

1.10 

3920.4 

1550.9 

60.2 

11.8 

5.1 

1.5 

19 

18 

13 

8 

1.90 

0.70 

3287.1 

1343.5 

58.0 

14.2 

7.5 

3.0 

19 

18 

13 

9 

1.90 

1.60 

3607.8 

1429.5 

63.7 

13.9 

6.3 

2.0 

19 

18 

13 

8 

2.05 

0.60 

3738.0 

1515.1 

56.0 

10.3 

4.8 

2.0 

19 

18 

13 

8 

1.95 

1.10 

3384.1 

1508.4 

58.8 

9.0 

3.3 

1.2 

19 

18 

13 

7 

2.00 

1.00 

3664.9 

1533.9 

55.5 

9.8 

3.8 

1.5 

19 

18 

13 

8 

1.95 

1.20 

3350.0 

1355.2 

45.1 

7.9 

3.2 

1.2 

19 

18 

13 

7 

2.00 

0.70 

3745.7 

1550.9 

46.0 

7.4 

2.8 

1.2 

19 

18 

13 

7 

Table  D  1  -  Bottle  sample  evaluation  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  1  mg/L  and  2  mg/L. 


D-l 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Theoretical 

mg/L 

ASTM  D5452 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

ISO  12103-1  A2 

Fine  test  dust 

1.10 

0.90 

3662.9 

1131.5 

39.8 

10.6 

4.5 

1.4 

19 

17 

12 

8 

1.10 

0.54 

3350.5 

968.1 

34.8 

9.5 

4.6 

1.7 

19 

17 

12 

8 

0.98 

0.39 

2837.7 

779.7 

23.8 

6.4 

3.3 

1.2 

19 

17 

12 

7 

0.95 

1.70 

3310.6 

951.3 

26.1 

5.1 

2.2 

1.0 

19 

17 

12 

7 

1.05 

1.30 

3086.9 

839.6 

15.1 

2.5 

1.1 

0.3 

19 

17 

11 

5 

0.90 

1.70 

2435.6 

687.4 

24.1 

5.7 

2.5 

1.0 

18 

17 

12 

7 

0.90 

0.90 

1909.0 

542.9 

19.9 

6.7 

3.3 

1.2 

18 

16 

11 

7 

1.10 

1.00 

2708.2 

776.4 

30.8 

9.0 

5.0 

1.8 

19 

17 

12 

8 

1.05 

1.50 

2778.2 

809.0 

29.8 

9.5 

5.4 

2.4 

19 

17 

12 

8 

1.15 

1.40 

3871.8 

1112.2 

37.9 

11.1 

5.4 

1.6 

19 

17 

12 

8 

1.00 

0.70 

2769.1 

774.1 

27.4 

8.4 

4.5 

1.5 

19 

17 

12 

8 

2.15 

2.00 

6094.6 

1814.7 

50.7 

12.3 

5.4 

1.9 

20 

18 

13 

8 

2.15 

1.60 

5843.4 

1657.8 

48.9 

12.5 

6.2 

3.0 

20 

18 

13 

9 

2.15 

2.10 

5555.4 

1679.3 

50.1 

13.4 

5.9 

1.8 

20 

18 

13 

8 

2.00 

1.20 

5688.7 

1746.4 

60.8 

17.5 

8.2 

2.6 

20 

18 

13 

9 

1.95 

2.00 

5143.9 

1651.8 

54.3 

15.2 

7.0 

2.5 

20 

18 

13 

8 

1.90 

1.30 

5232.0 

1556.0 

38.8 

7.8 

3.4 

1.1 

20 

18 

12 

7 

2.10 

1.20 

5020.3 

1478.3 

37.5 

8.6 

4.3 

1.5 

20 

18 

12 

8 

2.10 

1.90 

5708.0 

1704.4 

51.7 

11.8 

5.3 

1.5 

20 

18 

13 

8 

1.95 

2.20 

6068.7 

1824.6 

64.7 

18.1 

8.7 

2.7 

20 

18 

13 

9 

1.90 

2.10 

6094.6 

1741.1 

35.9 

5.4 

2.1 

0.8 

20 

18 

12 

7 

Table  D  2  -  Bottle  sample  evaluation  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  1  mg/L  and  2  mg/L. 


D-2 

UNCLASSIFIED 


UNCLASSIFIED 


Test  Condition 

Theoretical 

mg/L 

ASTM  D5452 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44< 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

ISO  12103-1  A1 

ultrafine  test  dust 

1.05 

1.30 

5830.9 

1909.8 

10.4 

1.4 

0.7 

0.4 

20 

18 

11 

6 

1.05 

1.20 

5840.3 

1802.6 

11.6 

3.1 

2.0 

1.0 

20 

18 

11 

7 

1.00 

1.00 

5830.9 

1715.2 

7.1 

1.4 

0.8 

0.6 

20 

18 

10 

6 

1.05 

1.40 

5725.1 

1793.7 

10.8 

2.8 

2.0 

1.3 

20 

18 

11 

7 

1.05 

1.30 

7185.4 

2274.6 

12.4 

2.3 

1.6 

0.9 

20 

18 

11 

7 

1.15 

1.40 

8091.2 

2509.4 

12.2 

3.0 

1.9 

1.2 

20 

19 

11 

7 

0.85 

0.80 

4864.5 

1527.1 

9.8 

2.6 

1.5 

1.0 

19 

18 

10 

7 

0.95 

1.40 

5015.8 

1575.9 

8.2 

1.8 

1.1 

0.7 

20 

18 

10 

7 

1.10 

1.40 

7053.9 

2273.8 

11.3 

2.1 

1.3 

0.8 

20 

18 

11 

7 

0.85 

0.40 

5917.6 

1867.8 

9.9 

2.5 

1.7 

1.1 

20 

18 

10 

7 

1.95 

1.70 

11653.1 

3992.9 

41.4 

8.0 

3.8 

1.6 

21 

19 

13 

8 

1.95 

1.80 

12283.3 

3962.3 

17.3 

2.6 

1.6 

0.9 

21 

19 

11 

7 

1.90 

2.10 

10304.4 

3267.9 

16.9 

3.2 

2.3 

1.3 

21 

19 

11 

7 

2.05 

1.50 

10072.5 

3619.3 

23.1 

4.1 

2.6 

1.5 

21 

19 

12 

8 

2.05 

1.70 

10601.7 

3720.5 

19.4 

3.2 

1.9 

1.3 

21 

19 

11 

7 

1.90 

0.70 

11882.3 

3759.8 

13.6 

1.9 

1.2 

0.8 

21 

19 

11 

7 

1.85 

1.50 

12232.7 

3860.7 

18.2 

3.5 

2.6 

1.9 

21 

19 

11 

8 

2.05 

0.90 

12979.3 

4332.8 

21.1 

3.6 

2.0 

1.3 

21 

19 

12 

7 

2.00 

2.50 

12151.4 

3779.5 

18.0 

3.1 

1.6 

1.0 

21 

19 

11 

7 

2.05 

2.00 

12751.9 

4132.5 

16.5 

2.0 

1.1 

0.8 

21 

19 

11 

7 

Table  D  3  -  Bottle  sample  evaluation  IP  564  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  1  mg/L  and  2  mg/L. 


D-3 

UNCLASSIFIED 


UNCLASSIFIED 


Appendix  E  Test  Dust  and  Free  Water  Test  Dust  Evaluation 


Test 

Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  0.25 
mg fL 

0 

0.6 

1324.2 

309.5 

5.9 

1.4 

0.6 

0.2 

18 

15 

10 

5 

3 

0.08 

1359.9 

324.6 

6.1 

1.6 

0.6 

0.1 

18 

16 

10 

4 

5 

0.13 

1304.4 

307.1 

7.4 

1.6 

0.6 

0.0 

18 

15 

10 

0 

1 A  ppm 
H20 

0 

7092.1 

4558.0 

426.5 

119.9 

47.4 

6.7 

20 

19 

16 

10 

2 

6.7 

6329.4 

4101.3 

403.5 

119.8 

44.9 

6.5 

20 

19 

16 

10 

4 

6794.2 

4407.1 

442.7 

127.1 

50.1 

7.4 

20 

19 

16 

10 

8 

7.2 

6898.7 

4420.4 

444.6 

129.4 

47.8 

7.2 

20 

19 

16 

10 

11 

6824.3 

4368.7 

440.9 

120.5 

47.9 

7.4 

20 

19 

16 

10 

13 

8.1 

7020.2 

4491.9 

455.1 

126.5 

46.1 

7.0 

20 

19 

16 

10 

18 

7.5 

6731.4 

4308.1 

437.3 

127.5 

48.6 

8.6 

20 

19 

16 

10 

23 

6871.2 

4395.3 

445.2 

135.6 

51.1 

8.0 

20 

19 

16 

10 

25 

6.2 

6937.2 

4431.4 

477.6 

139.2 

55.9 

8.8 

20 

19 

16 

10 

A2  0.25 
mgU  - 
7.6ppm 
water 

0 

8.0 

7393.2 

3655.5 

325.4 

92.9 

36.9 

6.1 

20 

19 

16 

10 

3 

7.2 

7215.8 

3543.5 

318.9 

93.0 

34.5 

5.6 

20 

19 

15 

10 

A2  0.25 
mgU- 

0 

8.8 

9057.1 

4791.2 

451.4 

129.4 

50.7 

7.9 

20 

19 

16 

10 

2 

8844.6 

4634.7 

433.9 

124.3 

48.8 

7.5 

20 

19 

16 

10 

Table  El-  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.25  mg/L  concentration  with  low  concentration  free  water. 


E-l 

UNCLASSIFIED 


UNCLASSIFIED 


Test 

Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A2  0.25 
mg/L 

0 

0.6 

1324.2 

309.5 

5.9 

1.4 

0.6 

0.2 

18 

15 

10 

5 

3 

0.08 

1359.9 

324.6 

6.1 

1.6 

0.6 

0.1 

18 

16 

10 

4 

5 

0.13 

1304.4 

307.1 

7.4 

1.6 

0.6 

0.0 

18 

15 

10 

0 

40  ppm 
H20 

0 

39.6 

27380.7 

18466.9 

2325.0 

668.9 

267.4 

41.8 

22 

21 

18 

13 

2 

26435.7 

17863.6 

2243.2 

648.6 

259.2 

40.4 

22 

21 

18 

13 

4 

40.7 

28121.3 

19040.8 

2480.6 

733.4 

300.3 

48.6 

22 

21 

18 

13 

8 

39.9 

26581.9 

17996.9 

2329.4 

684.1 

286.0 

45.4 

22 

21 

18 

13 

11 

40.6 

26790.7 

18139.6 

2328.1 

698.2 

286.3 

45.8 

22 

21 

18 

13 

15 

38.2 

26919.8 

18277.4 

2379.4 

714.1 

295.5 

47.8 

22 

21 

18 

13 

A2  0.25 
mg/L  -  33.6 
ppm  water 

0 

33.9 

26813.1 

17067.6 

2095.9 

596.9 

244.2 

40.0 

22 

21 

18 

12 

3 

33.3 

26501.2 

16958.1 

2104.3 

621.9 

255.1 

39.1 

22 

21 

18 

12 

6 

26347.5 

16840.0 

2044.5 

601.2 

241.4 

38.9 

22 

21 

18 

12 

Table  E  2  -  Evaluation  1  IP  564  particle  count  data  for  ISO  12103-1  A2  fine  test  dust  at  0.25  mg/L  concentration  with  high  concentration  free  water. 


E-2 

UNCLASSIFIED 


UNCLASSIFIED 


Test 

Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  444 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

S 

a. 

o 

Al 

4 

6 

14 

30 

RIO  0.25 
mg/L 

0 

0.7 

9304.4 

1285.5 

3.1 

0.4 

0.1 

0.1 

20 

17 

9 

4 

2 

8908.9 

1236.1 

8.3 

1.9 

0.9 

0.1 

20 

17 

10 

4 

4 

0.15 

8548.0 

1093.1 

1.8 

0.3 

0.1 

0.0 

20 

17 

8 

0 

8 

9146.1 

1224.4 

2.3 

0.4 

0.1 

0.0 

20 

17 

8 

0 

11 

8693.1 

1110.2 

4.0 

0.6 

0.4 

0.1 

20 

17 

9 

4 

13 

0.17 

8774.1 

1125.9 

2.1 

0.4 

0.3 

0.2 

20 

17 

8 

5 

7.1  ppm 
H20 

0 

7092.1 

4558.0 

426.5 

119.9 

47.4 

6.7 

20 

19 

16 

10 

2 

6.7 

6329.4 

4101.3 

403.5 

119.8 

44.9 

6.5 

20 

19 

16 

10 

4 

6794.2 

4407.1 

442.7 

127.1 

50.1 

7.4 

20 

19 

16 

10 

8 

7.2 

6898.7 

4420.4 

444.6 

129.4 

47.8 

7.2 

20 

19 

16 

10 

11 

6824.3 

4368.7 

440.9 

120.5 

47.9 

7.4 

20 

19 

16 

10 

13 

8.1 

7020.2 

4491.9 

455.1 

126.5 

46.1 

7.0 

20 

19 

16 

10 

18 

7.5 

6731.4 

4308.1 

437.3 

127.5 

48.6 

8.6 

20 

19 

16 

10 

23 

6871.2 

4395.3 

445.2 

135.6 

51.1 

8.0 

20 

19 

16 

10 

25 

6.2 

6937.2 

4431.4 

477.6 

139.2 

55.9 

8.8 

20 

19 

16 

10 

RIO  0.25 
mg/L  5ppm 
H20 

0 

11887.4 

3498.7 

247.6 

69.7 

27.5 

4.8 

21 

19 

15 

9 

3 

11324.7 

3216.9 

229.3 

70.4 

27.2 

3.8 

21 

19 

15 

9 

4 

11422.4 

3282.5 

234.1 

67.4 

26.0 

4.3 

21 

19 

15 

9 

Table  E  3  -  Evaluation  1  IP  564  particle  count  data  for  Red  Iron  Oxide  test  dust  at  0.25  mg/L  concentration  with  free  water. 


E-3 

UNCLASSIFIED 


UNCLASSIFIED 


Test 

Condition 

Time 

ASTM  D2276 

mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  4406  Code 

ASTM  D7619,  IP  565 

ISO  4406  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

>  4pm 

>  6pm 

>  14pm 

>  21pm 

>  25pm 

>  30pm 

4 

6 

14 

30 

A1  0.25 
mg/L 

5 

0.1075 

2243.6 

603.8 

4.6 

1.3 

0.5 

18 

16 

9 

6 

2847.0 

1221.6 

7.9 

0.4 

0.0 

0.0 

19 

17 

10 

0 

10 

0.5 

2195.9 

598.6 

3.9 

1.6 

1.0 

0.6 

18 

16 

9 

6 

2831.3 

1220.4 

9.5 

0.7 

0.2 

0.1 

19 

17 

10 

4 

15 

2209.5 

593.8 

3.8 

0.8 

0.4 

0.2 

18 

16 

9 

5 

2794.7 

1194.8 

7.0 

0.7 

0.2 

0.1 

19 

17 

10 

4 

20 

0.2400 

2192.5 

592.5 

0.9 

0.6 

0.3 

18 

16 

9 

5 

2777.5 

1187.5 

7.7 

0.1 

0.3 

0.2 

19 

17 

10 

5 

25 

2221.0 

603.1 

3.8 

1.1 

0.6 

0.4 

18 

16 

9 

6 

2757.3 

1174.3 

7.2 

0.6 

0.1 

0.1 

19 

17 

10 

4 

Water  5 

ppm 

5 

2.2 

3576.1 

1986.1 

159.0 

31.3 

10.1 

2.2 

19 

18 

14 

8 

2087.6 

1761.0 

524.5 

114.5 

53.8 

22.9 

18 

18 

16 

12 

10 

2.3 

3680.4 

2003.6 

167.5 

40.1 

12.9 

3.9 

19 

18 

15 

9 

2051.3 

1724.4 

521.2 

115.1 

53.2 

21.7 

18 

18 

16 

12 

15 

2.3 

4025.4 

2227.1 

191.6 

43.9 

13.9 

3.0 

19 

18 

15 

9 

2205.2 

1859.5 

563.7 

121.4 

57.9 

24.5 

18 

18 

16 

12 

20 

2.9 

4281.1 

2383.1 

208.4 

43.8 

12.4 

2.3 

19 

18 

15 

8 

2229.5 

1876.4 

566.7 

120.2 

56.0 

22.9 

18 

18 

16 

12 

25 

1.4 

4107.0 

2281.5 

202.5 

44.3 

12.3 

2.6 

19 

18 

15 

9 

2042.5 

1717.3 

517.0 

109.8 

50.6 

21.2 

18 

18 

16 

12 

30 

2.7 

4526.8 

2511.1 

217.5 

50.2 

15.4 

3.4 

19 

19 

15 

9 

2390.5 

2017.1 

606.5 

131.1 

59.5 

24.0 

18 

18 

16 

12 

A1  0.25 
mg/L  -  5 
ppm  Water 

5 

4.0 

7918.6 

3839.4 

266.4 

57.3 

19.7 

5.8 

20 

19 

15 

10 

6420.1 

4399.4 

999.7 

198.5 

86.1 

35.1 

20 

19 

17 

12 

10 

4.0 

7753.6 

3822.9 

247.9 

47.5 

14.3 

2.8 

20 

19 

15 

9 

5760.1 

3952.0 

878.4 

167.4 

73.3 

29.0 

20 

19 

17 

12 

15 

3.8 

7108.1 

3500.1 

233.6 

45.5 

13.2 

2.9 

20 

19 

15 

9 

5524.0 

3762.2 

841.0 

159.1 

71.7 

28.7 

20 

19 

17 

12 

20 

2.3 

7082.4 

3472.9 

229.5 

45.3 

12.6 

2.6 

20 

19 

15 

9 

5311.7 

3554.7 

761.6 

143.3 

61.9 

24.5 

20 

19 

17 

12 

25 

2.7 

3131.7 

203.9 

41.1 

10.5 

2.4 

mm 

19 

15 

8 

4959.7 

3258.7 

682.0 

wm* 

59.1 

22.4 

19 

19 

17 

12 

30 

3.3 

2893.7 

180.9 

35.1 

9.1 

1.4 

am 

19 

15 

8 

4670.3 

3011.9 

mm 

51.4 

19.8 

19 

19 

16 

11 

Table  E  4 

-  Eva 

uation  2  IP  564  and  ASr 

"M  D7619  (IP  565)  particle  count  data  for 

LSO  12] 

03-1  A1  ultra 

ine  test  dust  at  0.25  mg/L  with  low  concentration  1 

ree  water. 

Test 

Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564  j 

|  ISO  4406  Code  j 

!  ASTM  D7619,  IP  565  ! 

i  ISO  4406  Code  1 

>  4  pm 

>  6  pm  | 

|  >  14  pm 

>  21  jim| 

>  25  pm 

>  30  pm| 

4  ! 

6 

14  j 

30 

>  4pm  | 

>  6pm 

>  14pm  | 

>  21pm  | 

>  25pm 

>  30pm  | 

4  1 

6  ] 

14 

30 

At  1.0 
mg/L 

5 

0.3475 

5991.9 

1688.6 

4.7 

2.9 

1.7 

20 

18 

11 

8 

6843.2 

3123.9 

24.5 

1.6 

0.5 

0.2 

20 

19 

12 

5 

10 

4894.5 

1354.4 

3.0 

1.9 

1.0 

19 

18 

11 

7 

5709.2 

2558.3 

22.7 

1.9 

0.4 

0.2 

20 

19 

12 

5 

15 

0.5 

4060.9 

1119.9 

11.7 

1.7 

0.8 

19 

17 

11 

7 

4747.3 

2107.7 

18.7 

2.3 

1.2 

0.7 

19 

18 

11 

7 

20 

0.3525 

3837.3 

1074.7 

9.1 

2.0 

1.0 

19 

17 

10 

5 

4643.3 

2060.4 

18.8 

1.6 

0.4 

0.2 

19 

18 

11 

5 

25 

4900.9 

1377.0 

9.9 

2.4 

0.6 

19 

18 

10 

5 

6336.7 

2835.8 

22.2 

1.5 

0.3 

0.1 

20 

19 

12 

4 

30 

5604.5 

1577.9 

10.5 

2.9 

1.4 

0.8 

20 

18 

11 

7 

6689.3 

3003.7 

23.7 

1.6 

0.4 

0.2 

20 

19 

12 

5 

10  ppm 
Water 

5 

3.6 

5749.7 

3222.8 

299.1 

65.1 

20.6 

3.9 

20 

19 

15 

9 

3088.6 

2610.7 

785.5 

172.2 

79.1 

32.3 

19 

19 

17 

12 

10 

6.6 

8526.3 

4836.2 

473.4 

6.1 

20 

19 

16 

10 

4534.3 

3848.7 

1145.0 

250.0 

117.0 

46.7 

19 

19 

17 

13 

15 

8.1 

9585.4 

5490.1 

555.4 

5.4 

20 

20 

16 

10 

5226.0 

4440.1 

1346.9 

292.1 

135.6 

54.5 

20 

19 

18 

13 

20 

8.2 

10814.1 

6260.5 

640.0 

6.4 

21 

20 

16 

10 

6252.8 

5312.4 

1607.1 

345.5 

159.5 

62.9 

20 

20 

18 

13 

25 

11.3 

11856.1 

6849.4 

730.4 

53.7 

9.8 

21 

20 

17 

10 

7143.8 

6055.1 

1833.6 

400.3 

182.3 

76.0 

20 

20 

18 

13 

30 

10.1 

12804.6 

7461.9 

816.2 

185.4 

58.1 

10.9 

21 

20 

17 

11 

7225.4 

6141.3 

1855.1 

404.1 

183.6 

75.4 

20 

20 

18 

13 

A1  1.0 
mg/L  -  10 
ppm  Water 

5 

7.9 

13091.9 

6150.3 

455.9 

95.5 

30.1 

8.0 

21 

20 

16 

10 

13034.4 

8307.0 

1578.3 

397.7 

204.3 

98.4 

21 

20 

18 

14 

10 

8.8 

13022.9 

6208.8 

503.4 

115.5 

36.0 

7.8 

21 

20 

16 

10 

13074.2 

8542.9 

1704.6 

431.1 

216.1 

104.5 

21 

20 

18 

14 

15 

8.1 

12681.1 

6114.9 

488.9 

107.8 

31.2 

5.6 

21 

20 

16 

10 

12302.6 

8056.7 

1634.5 

410.0 

204.8 

95.5 

21 

20 

18 

14 

20 

12728.4 

6213.1 

497.3 

104.0 

32.6 

5.9 

21 

20 

16 

10 

1 1766.7 

7814.2 

1632.8 

392.2 

194.1 

87.8 

21 

20 

18 

14 

Table  E  5  -  Evaluation  2  IP  564  and  AS 


M  D7619  (IP  565)  particle  count  data  for  ISO  12103-1  A1  ultrafine  test  dust  at  0.25  mg/L  with  medium  concentration  free  water. 


E-4 

UNCLASSIFIED 


UNCLASSIFIED 


Test 

Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  44( 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A3  0.25 
mgr 

5 

0.15 

464.5 

144.7 

5.6 

1.0 

0.3 

0.1 

16 

14 

10 

4 

10 

453.1 

137.1 

6.3 

1.2 

0.4 

0.1 

16 

14 

10 

4 

15 

0.8 

438.4 

137.4 

6.4 

0.9 

0.2 

0.1 

16 

14 

10 

4 

20 

0.2 

479.6 

149.9 

6.9 

1.1 

0.4 

0.2 

16 

14 

10 

5 

25 

476.9 

145.7 

5.9 

0.6 

0.3 

0.0 

16 

14 

10 

0 

30 

486.0 

153.2 

6.9 

1.6 

0.6 

0.1 

16 

14 

10 

4 

5  ppm 
Water 

5 

3.2 

366.1 

250.4 

94.9 

56.7 

35.0 

16.4 

16 

15 

14 

11 

10 

2.7 

389.5 

270.9 

105.9 

64.2 

40.6 

19.1 

16 

15 

14 

11 

15 

2.2 

358.2 

248.7 

95.6 

57.0 

35.8 

16.1 

16 

15 

14 

11 

20 

2.2 

377.1 

261.1 

97.7 

57.4 

34.9 

16.2 

16 

15 

14 

11 

25 

2.3 

343.3 

238.8 

90.1 

55.2 

34.0 

15.0 

16 

15 

14 

11 

30 

2.1 

358.9 

244.9 

93.6 

55.3 

33.9 

16.1 

16 

15 

14 

11 

A3  0.25 
mg/L  -  low 
Water 

5 

12.9 

1745.0 

1077.7 

372.2 

216.8 

134.1 

61.4 

18 

17 

16 

13 

10 

4.6 

1226.4 

698.9 

214.0 

128.2 

80.0 

36.0 

17 

17 

15 

12 

15 

2.7 

784.5 

377.3 

95.2 

54.4 

32.6 

14.6 

17 

16 

14 

11 

20 

3.5 

743.4 

355.1 

88.4 

51.4 

33.5 

15.4 

17 

16 

14 

11 

Table  E  6  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A3  medium  test  dust  at  0.25  mg/L  with  free  water. 


E-5 

UNCLASSIFIED 


UNCLASSIFIED 


Test 

Condition 

Time 

ASTM  D2276 
mg/L 

ASTM  D3240 

PPM 

IP  564 

ISO  444 

)6  Code 

>  4  pm 

>  6  pm 

>  14  pm 

>  21  pm 

>  25  pm 

>  30  pm 

4 

6 

14 

30 

A1  0.25 
m^L 

5 

0.175 

1751.5 

437.8 

2.2 

0.5 

0.2 

0.1 

18 

16 

8 

4 

10 

1630.1 

406.4 

1.7 

0.1 

0.1 

0.1 

18 

16 

8 

4 

15 

0.6 

1537.0 

378.2 

1.6 

0.4 

0.4 

0.1 

18 

16 

8 

4 

20 

0.0 

1538.6 

388.1 

5.5 

2.6 

1.5 

0.6 

18 

16 

10 

6 

25 

1456.2 

356.1 

1.4 

0.5 

0.1 

0.1 

18 

16 

8 

4 

30 

1360.4 

321.4 

1.6 

0.1 

0.1 

0.0 

18 

16 

8 

0 

1 0  ppm 
Water 

5 

10.4 

1737.9 

1249.5 

474.6 

282.2 

178.2 

82.2 

18 

17 

16 

14 

10 

11.5 

1771.6 

1269.4 

491.8 

295.1 

183.0 

82.5 

18 

17 

16 

14 

15 

12.3 

1663.1 

1185.7 

455.3 

274.7 

174.3 

81.6 

18 

17 

16 

14 

20 

14.4 

1528.3 

1102.4 

421.4 

252.6 

162.1 

77.4 

18 

17 

16 

13 

25 

10.5 

1918.4 

1381.4 

527.4 

319.1 

199.2 

96.4 

18 

18 

16 

14 

A1  0.25 
mgU- 
5ppm  water 

5 

10.3 

2970.8 

1529.2 

463.1 

268.2 

167.8 

79.4 

19 

18 

16 

13 

10 

7.8 

2476.0 

1165.9 

321.1 

183.1 

111.6 

51.4 

18 

17 

16 

13 

15 

7.5 

2414.6 

1160.8 

326.6 

190.6 

118.7 

56.1 

18 

17 

16 

13 

20 

8.5 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

25 

6.7 

2446.4 

1215.4 

351.0 

200.3 

125.5 

56.9 

18 

17 

16 

13 

30 

5.9 

2356.8 

1190.8 

346.5 

196.9 

121.4 

57.6 

18 

17 

16 

13 

Table  E  7  -  Evaluation  3  IP  564  particle  count  data  for  ISO  12103-1  A1  fine  test  dust  at  0.25  mg/L  with  free  water. 


E-6 

UNCLASSIFIED 


